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1.0 INTRODUCTION
11 BACKGROUND

The U S. Envuonmental Protection Agency (EPA) is d1rected in section 3001(e)(2) of
the Resource Conservauon and Recovery Act (RCRA) (42 U.S.C. §6921 (e)(2)) to determine
. whether to list as hazardous wastes a number of different wastes including thosé of the.
petroleum refining industry. A lawsuit by the Environmental Defense Fund (EDF) in 1989

resulted in a consent decree approved by the court, that sets out an extensive series of
deadlines for making the listing determinations required by Section 3001 (©)2). The
deadlines include those for making final listing determinations as well as for concluding
various related studies or reports on the industries of concern. -With respect to the refining
industry, the consent decree identifies 14 specific residuals for which the Agency must make
listing determinations and an additional 15 residuals for which the Agency must conduct a
study. These 29 residuals, subsequently referred to as the Residuals of Concern (RCs), are
listed in Table 1.1. As a result of the consent decree, the Agency embarked on a project to
determine whether these 29 RCs pose a threat to human health and the environment and to
-develop a basis for making such a determination. As a result of the preliminary evaluation -
of the waste subject to the listing determination, EPA proposed a rule in which eleven wastes -
 were not to be listed and three wastes were to be listed as hazardous wastes:- K169, K170,
“-and K171 (clarified slurry oil storage ‘tank sediments and/or filter/separation solids from
catalytrc cracking, catalyst from hydrotreating, and catalyst from hydrorefining, respectlvely)

. (60 FR 57747, November 20, 1995). The final determination will be issued under the

apphcable terms of the consent decree. Th1s report is'the result of the Agency s study of the
remaining 15 re51duals ' '

The Petroleum Refining Industry was previously studied by OSW in the 1980s. This
 original effort irivolved sampling and analysis of ‘a number of residuals at 19 sites,

- distribution of a RCRA §3007 questionnaire to 180 refineries (characterizing the industry as
. of 1983), and, ultimately, a listing determination effort focused on wastewater treatment
sludges, culminating in the promulgation of hazardous waste listings FO37 and F038.
(respectively, pnmary and secondary or]/water/sohds separatron sludges from petroleum ‘

- refining).

As part of the Agency s current’ mvestlgatlon of residuals from petroleum refining, the |
Agency conducted engmeermg site visits at 20 refineries to gain an understanding of the
present state of the industry. These 20 refineries were randomly selected from the 185
refineries operating in the contmental United States in 1992. Familiarization samples of
various residuals were collected at 3 of the 20 refineries to obtain data on the nature of the
RCs and to identify potential problems with respect to future analysis. "The Agency then
- conducted record sampling and analysis of the RCs. During the record sampling timeframe,
an additional 6 facilities were randomly selected to increase sample availability.

Approx1mately 100 record samples were collected and analyzed. Concurrently, the Agency
developed distributed and evaluated a RCRA §3007 survey to the 180 refmenes in the U S.
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Table 1.1. Petroleum Refining Residuals Identified in the EDF/EPA Consent Decree

Listing Residuals
Clarified slurry oil sludge from catalytic cracking
Unleaded storage tank sludge
Crude storage tank sludge _ o
Process sludge from sulfur complex and H,S removal facilities (sulfur complex
sludge) . . ' : ' ' |
Sludge from HF alkylation
Sludge from H,SO, alkylation
Catalyst from catalytic hydrotreating -
Catalyst from catalytic reforming .
Catalyst and fines from catalytic cracking (FCC catalyst and FCC fines)
~ Catalyst from catalytic hydrorefining
Catalyst from H,SO, alkylation : x ) ;
Catalyst from sulfur complex and H,S removal facilities (Claus and tail gas treating
catalysts) L ‘ - ‘ ‘ C
. Off-spec product and fines from thermal processes: (Off-spec coke and fines)
Spent caustic from liquid treating - :

Study Residuals: ‘
Desalting sludge from crude desalting
Residual oil storage tank sludge
~ Process sludge from residual upgrading
Catalyst from extraction/isomerization processes’
Catalyst from catalytic hydrocracking ‘
Catalyst from polymerization
Catalyst from HF alkylation L
Off-spec product and fines from residual upgrading _
Off-spec product from sulfur complex and H,S removal facilities (Off-spec sulfur)
Off-spec treating solution from sulfur complex and H,S removal facilities (Spent
amine and spent Stretford solution) S ‘ -
Acid-soluble oil from HF alkylation (ASO)
Treating clay from-clay filtering
Treating clay from lube oil processing
Treating clay from the extraction/isomerization process
Treating clay from alkylation

As described in Section 3.5 Extraction, catalyst used for extraction does not exist. The Agency believés it has been
classified as a residual of concern inappropriately based on erroneous old data. Therefore, only catalyst from
isomerization will be discussed in this study. '
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1.2 OTHER EPA REGULATORY PROGRAMS Il\'lPACTING THE PETROLEUM ‘
REFINING ]NDUSTRY

. Each of EPA’s major program offices has long-standmg regulatory controls tailored to .
the petroleum.refining industry. Some of the ‘more significant programs w1th some relevance
to OSW’s hstmg determmatlons and mdustry study include: ‘

_ 5 .~ The Clean Air Act’s Benzene National Emlssmns Standards for Hazardous Air
Pollutants (NESHAPS), designed to control benzene releases from process and
waste management units. | ‘

o The Clean A1r Act’s Natlonal Amb1ent Air Quahty Standards (NAAQS), .
. which prescribe limits for sulfur oxides (SOx), _carbon monoxide (CO),
particulates, mtrogen ox1des (NOx), volatlle orgamc compounds (VOCs), and
‘0zone. :

o The Clean Air Act’s NESHAPs for Petroleum Refineries (40 CFR Part 63,
Subpart CC, see 60 FR 43244, August 18, 1995), de51gned to control o
’hazardous air pollutants (HAPs)

. The Clean Water Act sets specrﬁc technology-based limits and water quahty-
" based standards for discharges to surface waters and publically-owned
treatment works (POTWs) including standards designed spec1ﬁcally for
d1scharges from the petroleum refining mdustry

e .. The Toxicity Characteristic, partlcularly for benzene in combmatlon with the
' F037/F038 sludge listings, has had a significant impact on the industry’s
wastewater treatment operations, forcing closure of many nnpoundments and
redes1gn of tank-based treatment systems :

. - The Land Dlsposal Restrictions (LDR) Program mcludmg the ongomg Phase
- Iland IV development Work

13 ]NDUSTRY STUDY FINDINGS,

. This document describes EPA’s approach to conducting the mdustry study requlred by
~‘the EDF/EPA consent decree. The consent decree requires that EPA "fully characterize” the
study residuals and how they are managed. "The report shall include a discussion of the
concentration of toxic constituents in each waste, the volume of each waste generated, and

" the management practlces for each waste (1ncludmg plaus1ble mlsmanagement practices)."

The statutory deﬁmtmn of “hazardous ‘waste” is waste, that may cause’ harm or pose a

hazard to human health or the environment “when improperly treated, stored, transported or
d1$posed of or otherw1se managed.” . ,

!
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To implement this section of the statute, EPA considers available information on
current management practices, and also exercises judgement as to plausible ways the waste
could be managed in addition to those practices actually reported. EPA then judges which
management practices have the potential to pose the greatest risk to human health or the
environment and those practices would be assessed in a risk assessment. '

As EPA explained in the preamble to the dyes and pigments proposed listing [59 FR
66072], EPA generally assumes that placement in an unlined landfill is a reasonably plausible
management scenario for solids that potentiaily poses significant risks and thus would be
“mismanagement” that should be examined by further risk assessment. For liquid wastes,
unlined surface impoundments are such a presumptive mismanagement scenario. In past risk
assessment work, EPA has found that these two scenarios are generally the scenarios most
likely to pose a risk to ground water and thus would be mismanagement scenarios for a
hazardous waste. In some cases, EPA has also found it appropriate to éxamine waste piles
for solids prone to transport by wind or erosion and to look at an aerated tank for volatile -
hazardous constituents in waste waters. g o ‘

EPA also considers other scenarios, such as land application without Federal .
regulatory controls, as possible mismanagement scenarios and, where there is evidence that
such practices occur for a particular waste; stream, would consider whether further evaluation
is appropriate. If EPA determines. that a presumptive mismanagement scenario, such as
disposal in an unlined surface impoundment, does not occur and would not reasonably be
expected to occur, EPA may consider it implausible and instead use a more likely scenario as
the plausible mismanagement scenario for subsequent analysis. ‘ :

In the recent proposal to list pefxbleum residuals, EPA found the following waste
management practices to pose the greatest risk and be the basis for judging whether these
wastes posed a potential risk to human health or the environment when mismanaged:

unlined landfills
unlined surface impoundments - ,
Jand application units not subject to Federal regulations

With respect to the residuals in this study, EPA found that the following maﬂagement ,
practices and their associated residuals (see Table 1.2) were reported and thus would be
mismanagment scenarios EPA would further evaluate to ascertain if there were a potential
risk: ' o :
unlined landfills

residual oil storage tank sludge .

process sludge from residual upgrading

catalyst from catalytic hydrocracking .

catalyst from polymerization o ( .
off-spec product from sulfur complex and H,S removal facilities (off-spec sulfur)

(S
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off-spec treating solution from sulfur complex and H,S removal facilities (spent amine -
" and spent Stretford solution) ’ ' »
treating clay from clay filtering
" treating clay from lube oil processing :
treating clay from the extractlonllsomenzatlon process :
~ treating clay from alkylat10n ‘ -

unlined surface 1mpoundments

- residual oil storage tank sludge
- off-spec treating solution from sulfur complex and H,S removal fac111t1es (spent amine
and spent Stretford solutlon) : :

land application not subject to Federal regulations

‘.res1dual oil storage tank sludge -
- -catalyst from polymerization :
- . off-spec product from sulfur complex and st removal facrhtles (off-spec sulfur)
treating clay from clay filtering
~ treating clay from lube oil processing
" treating clay from the extraction/i 1somenzatlon process
treating. clay from alkylation

In addition, EPA found that the management practlce of mixing of treatmg clays with
roadbed materials for onsite use was reported and would merrt evaluatlon asa potent1a1
mismanagement scenario. '

Section 2, 0 provides an overview of the petroleum reﬁmng industry and EPA’s
approach to this study. The fifteen study residuals identified in the consent decree accounted
for approximately 120,000 metric tons in.1992, compared to over 3.1 million metric tons of '
- listing residuals generated in 1992. Table 1.2 provides a description of the 15 study ‘

- residuals by management practice and volume generated. The Agency believes- that the

management practices reported consist of virtually all of the plausible management practices
- to which the residuals may be subjected. Section 3.0 descnbes the refinery processes
associated with generating the consent decree residuals of concern and detailed

- charactenzauon of each of the study re51duals as required by the consent decree.
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Table 1.2. Overview of 15 Study Residuals of Concern as Managed-in 1992

oot

RESIOUALS OF CONCERN: oludy Residuars
anagement Praclice ASO | Isom HF _ [Polymer,]Desalling] Hydra- | Ollspec |Ofl-spec] Sludge |Resld Oll[Off-spec] Trealing | Trealing [Treal Clay] Trealing ] TOTALS | Percent
Catalyst| Catalyst| Catalyst| Sludge iCracking|Prod, Resldl Sufur | Resld | Tank |Treating] Clay Clay Isom/ |Clay from . of Total
’ Catalyst | Upgrading {Product | Upgrad.| Sludge [Solution|Atkylation| Clay Filter | Exiract | Lube Oll
- m domt Lot Lo | ot | ot L et | et | ot | et ] ot | ot | ot | ot L omt ] MT
! AL
Disposal offsite Subtitte D landfill 1,429 29| 1,593 5,043 138 6,458 200 634 3,641 937 371 20,138} 16.8%
Disposal offsite Subtille C landfill 44 65 221 992 -3,576 Q 24 516 79 7913F 66%
ol fiffas ‘ 4 ot ? s

blsposal onsite or offsite underground injecllo';f."
Storage or disposal onsite surface impoundment

Use as cap for onsite landfarm, fill material, or vent

i : 200 0.0%

TOTAL DISPOSED o] . 4 0 2,099 354| 2,584 0| 9,133 207 7,254] 1,624 1,355 6,497 2,145 120§ .33,417] -27.9%
DISCHARGED " ' ’ ’ . . | ’
‘[IDischarge to onsite wastewater freatment facility 1,258 o128 A 47 205 0 7 16487 14%
Discharge to POTW T 0 . 648 0.5.%.

14,588

RECOVERED, RECYCLED, REUSED, REGENERATED : N :

Transfer metal catalyst for réclamaﬁon d_r regeneration 293 ] 13,185 - e 5,127 o1 89| . 33} | 18,819f 15.7%
s . .

Other recycling, reclamation or reuse/offsite reuse . )
Other recycling, reclamation or reuse/cement plant - : ’ '
TOTAL RECYCLED - ‘||_6,890 - 13,345

6290| 892




Summary of Management Practices -- Petroleum Refining Study kesiduals of Coricern

§ L i ] : RESIDUALS OF CONCEﬁN Study Rosiduals - i ] .
Management Practice ] “ASO | Isom Polymer.| Desalting| Hydro- | Offspec |Off-spec Resid O [Off-spec| Treating | Treafing -[Treat Clay] Treating | TOTALS || Percont
§ - Catalyst Calalyst Catalyst| Sludge [CrackingiProd. Resid| Sulfur- | | Tank |Treating Clay | Clay -lsom/ |Clayfrom| - of Total

: .- { Catalyst | Upgrading {Product Sludge _{Solution | Alkylation | Clay Filter | Extract | Lube Oll ‘

mt “mt. mi mt mt mt_| - mt mt mt mt |- mt . mt mt - mt MT

TRANSFER . ]
Transfer of acid or caustlc for recycle reuse, reclamation - . - ’ . 2,475
T . - -

Transfer with coke product or other refine

Transfer to other offsite entity/alumina manufacturer_
{Transfer to other offsite entity/smelter

" TOTAL TRANSFERRED

TREATMENT
Evaporation
) @ioremediation

Onsile boiler

GRAND TOTAL . . 33493 3a7] - 152 4119] - 4841] 18,020 800] G 647]  242] 9107] 23881 2895 8,990 l 2,@91 733 119,738
280% 03% 01%  34% 40% _ 15.1% 0.7% B.1% ___0.2% 76% 19.9% 2.4% 7.5% 2.1% 0.6% ‘
*To avoid double counting these Infermediate steps were not included in the total to avold double counting )




2.0 INDUSTRY DESCRIPTION |
2.1 PETROLEUM REFINING INDUSTRY PROFILE

In 19922, the U.S. petroleum refining industry consisted of 185 refineries (of which
171 were fully active during the year) owned by 91 corporations. Atmospheric crude oil
distillation capacity totaled 15,120,630 barrels per calendar day (bped) (DOE, 1993). As of
January 1, 1996, U.S. capacity totaled 15 ,341,000 bpcd, showing little change in the
Nation’s refining capacity since the Agency’s baseline year. Figure 2.1 illustrates the
distribution of refineries across the country. Refineries can be classifiéd in terms of size and .
complexity of operations. Forty-four percent of the refineries operating in 1992 processed
less than 50,000 barrels per day of crude, while the 20 largest companies account for 77 -
percent of the nation’s total refining capacity. ' ' ' ‘

The simplest refineries use distillation to separate gasoline or lube oil fractions from
crude, leaving the further refining of their residuum to other refineries or for use in asphalt.
Approximately 18 percent of the U.S.’s refineries are these simple topping, asphalt, or'lube
oil refineries. More sophisticated refineries will have thermal and/or catalytic cracking
capabilities, allowing them to extract a greater fraction of gasoline blending stocks from their
crude. The largest refineries are often integrated with chemical plants, and utilize the full
range of catalytic cracking, hydroprocessing, alkylation and thermal processes to optimize
their crude utilization. Section 3.1 describes the major unit operations typically found.in -
refining operations. ' . ' . A

The refining industry has undergone significant restructuring over the past 15 years.
Much of this restructuring has been in response to the price allocation programs of the 1970s
and industry deregulation in the 1980s. While the total national refining capacity dropped 17
percent since 1980 to 15 million barrels per day, the number of refineries dropped 45 percent
from 311 in 1980 to approximately 171 active in 1992 (and 169 as of 1/1/96). Refinery -
utilization rates over the 1980 to 1992 period rose from 75 percent to 90 percent. (API,
1993). Very few new refineries have been constructed in the past decade; the industry
instead tends to focus on expansions of existing plants. S =

The facilities closed tended to be smaller, inefficient refineries. Larger existing o
facilities with capacities over 100,000 bbl/day have increased production to off-set the facility
closings. S : : : S :

The data presented above indicates that the petroleufn refining industry has been going |
through a consolidation, which has resulted in a large decrease in the number of refineries in
the United States, but only a slight decrease in production. It is expected that this trend will

The Agency conducted its industry-wide survey, in 1993-1994, characterizing residual generation in 1992. Thus,
1992 was considered the Agency’s baseline year. The Agency has no reason to conclude that 1992 was not
representative of industry management practices. EPA’s risk assessment modeling used as input the 1992 data for the
RCs as a “snap shot™ of the industry’s management practices. However, information for years other than 1992 is
provided in the pertinent sections of the study. ) '
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- continue, with ref'menes contmumg to close, but expansions occurnng at others keepmg the
total refmery capa01ty in line with demand for refmery products

. . In addition to restructunng, the mdustry is adding and changmg productlon
=_operat10ns Many of these process changes are being implemented as a result of two factors:
(1) today’s crudes tend to be heavier and: contain higher levels of sulfur and metals, requiring

process modifications, and (2) a series of important pollution control regulations have been
nnplemented including new ‘gasoline reformulation rules designed to reduce the amount of
volatile components in-gasoline, and new regulations requiring low-sulfur diesel fuels. These
heavier crudes and new rules have caused refineries to make process modifications to their
gasoline production units such as catalytic cracker units, installing additional sulfur removal
hydrotreaters, and constructing unit processes to manufacture addltlves such as oxygenates.

: Many of the process mod1ﬁcat10ns in response to the reformulated gasolme and low

. sulfur diesel fuels have been implemented since 1992. The Oil and Gas Journal ,
(December, 1993, 1994, and 1995) reports the followmg maJor processmg capacity changes .
from year end 1992 to year end 1995 '

. 5.5 percent capacity increase in thermal operatlons (forecast to further increase
by new constructlon scheduled to be completed in 1996)

. 8.7 percent capacrty mcrease in hydrocmckmg operatrons
e 9.8 percent capacity mcrease in combmed hydroreﬁmng and hydrotreatmg

operations (there was a 16 percent increase in hydrotreating capacity offset by
a 12 percent decrease in hydrorefining capac1ty)

' . 13.8 percent increase in aromatic and isomeﬂaation unit capacity.
* 5.6 percent increase in'a]kylation capacity |
. 11.3 percent increase_ in lube production,.capacity
L 7‘ 7 ‘percent:decr‘ease in asphalt production
. _' - Small capac1ty increases for crude dlstﬂlatlon reformmg, and catalyuc . i

h crackmg (mcreases of 0.9, O 7, and 1.6 percent respectlvely)
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Figure 2.1. Geographica\ pistribution of US. Refineries
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2.2 lNDUSTRY STUDY

: OSW’s current hstmg determmatlon and mdustry study for the petroleum ref'mmg
industry has been underway since 1992 and can be characterized in terms of two major .
" avenues for information collection: field work and suryey evaluation. As part of the
Agency’s field work, site selection, engineering site visits, familiarization sampling, and
record sampling were conducted. The survey effort included the development, distribution,
and assessment of an extensive industry-wide RCRA §3007 survey. Each of these elements -
is described further below reflecting the relative order in Wthh these activities were
conducted : -

221 Site Selectlon )
_EPA’s field work activities were focussed on a limited number of reﬁnenes a]lowmg
. the. Agency to establish strong lines of communication with the selected facilities, and
maximizing efficiency of information collection. After considering logistical and budgetary
constraints, the Agency determined that it would limit its field work to 20 refineries.

" The Agency defined a site selection procedure that was used in selecting the 20 site
visits from the population of 185 domestic reﬁnenes in the contmental USs.. The objectrves
of .the. selection procedure were:

. 'to ensure that the charactenzatron data obtained from resrduals at the 20 selected
- facilities could be used to make valid, meanmgful statements about those resrduals
‘mdustry—Wlde ~ :

* to give the Agency ﬁrst—hand exposure 'to both la.rge and small refineries.
‘e to be falr to all domestrc reﬁnenes

The Agency chose to select facrhtres randomly rather than purposefully Although a
randomly selected group of refineries did not offer as many sampling opportunities as a
- hand-picked group (e.g., focusing on those larger refineries that generate most of the RCs), '
-the Agency favored random selection because it did not require subjective input, and also
- because it lends itself to statistical analysrs which is useful in making general statements
" . about the population of resrduals :

The Agency broke the mdustry mto two strata based on atmosphenc distillation
capacrty and made random selections from each stratum mdependently “ The high-capacity
- stratum (those with a crude capacity of 100,000 bpcd or greater) contains the top 30 percent
of refineries, which together account for 70 percent of the refining industry’s capacity. The,
stratification énables the Agency to weigh the selection toward the larger facilities on the
basis that they produce larger volumes of residuals, and that they offer a larger fumber of
residual streams per site visit. The Agency chose to select 12 of the 20 site visits, 60
percent from the hlgh—capacuy stratum. The 'smaller facilities had a lower chance of bemg
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selected, but not as low as they would have if the likelihood of selection was based) strictly
on size. The selected facilities are presented in Table 2.15

b

2.2.2 Engineering Site Visits

The field activities were initiated with a series’ of engineering site visits to the selectedv
facilities. The purpose of these trips was to: : ’ ~ -

* Develop a firm understanding of the processes associated with the RCs
o Understand how, when, why, and where each residual is generated and managed
e Establish a schedule of sampling opportunities

e Establish a dialogue with the reﬁncril personnel to ensure optimal sampling and
collection of representative samples. ' '

: An engineering site visit report was developed for each of the trips; these are
available in the CBI and non-CBI dockets, as appropriate. For the later site visits conducted
in 1994 and 1995, the engineering site visit reports were combined with the analytical data
reports prepared for each facility. The site visit reports included the following elements: '

. Purpoée of the site visit‘
. Reﬁnery summary, includihg‘ general information gathered ‘during the site visit, as
well as data gleaned from telephone conversations and reviews of EPA files, the

refinery’s process flow diagram, and expected residual avajlability

e A discussion of the processes. used at the refinery generating the residuals of |
concem : ' o

e  Source reduction and recycﬁng techhiques employed by the refinery
e A description of onsite residual management facilities - - .

e A chronology of the site visit..

€

Upon initial contact with several of the randomly selected refineries, it was determined that they were inappropriate
candidates for site visits because they had stopped operation and were not generating any residuals of interest to the
Agency. Replacement facilities were then selected randomly from the same stratum. .

The list of refineries slated for field investigations was expanded inJ une, 1994 to allow the Agéncy to fill out
certain categories of samples that proved to be difficult to find in the field. The final list presented in Table 2.1
represents those refineries at which site visits actually occurred. . C .
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Location

Initial Site Visit Date

‘Amoco Oil. ' Texas City, Texas March 29, 1993
Arco Ferndale, Washington June 9, 1993
Ashland Canton, Ohio - May' 24, 1993
Ashiand - _‘Catlettsburg, Kentuck_;' March 22, i993
BP Oil - Belle Chasse, Louisiana May 3, 1993

“BP Oil Toledo, Ohio May 26, 1993

Port Arthur, Texas

August 31, 1994

Chevron (purchased by Clark) *

Chevron ! -Salt Lake City, Utah February 21, 1995
Conoco ! Commerce City, ‘Colorado To be deierm‘iged
Exxon Billings, Montana ' June 9, 1993
'Koch ' St. Paul, Minnesota May 19, 1993

Little América

Evansville, Wyoming

June 8, 1993

Marathon Garyviile, I_nuis‘iana; : April 22, 1993
Mufphy | Superibr, Wisconsin May 17, 1993
Pennzoil * Shreveport, Louisiana ‘May 5, 1993

Phibro E::;ergy ! Houston, Texas 1 April 20, 1995

Indianapolié, Indiana .

April 26, 1993

Rock Island (purchased by Marathon)

Deer Park, Texas

Shell March 31, 1993
"Shell ‘Norco, Louisiana April 20, 1993
Shell Wood River, Illinois | May 28, 1993

Star Enterprise '

Convent, Louisiana

August 30, 1994

Port Arthur, Texas.

September 21, 1994

Star Efitei‘prise !

Sun Philadelphia, Pennsylvania = May 12, 1993
Texaco ‘Anacortes, WashingfonA— June 10, 1993
' Total 7 Ardmore, Oklahoma June 23, 1993
Young | Douglasville, Georgié June 21, 1993

! Refinery selected to augment record sample availability.
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2.2.3 RCRA §3007 Questionnaire

EPA developed an extensive questionnaire under the authority of §3007 of RCRA for
distribution to the petroleum refining industry. A blank copy of the survey instrument is
provided in the RCRA docket. The questionnajre was organized into the following areas:

Corporate and facility information

Crude oil and product information

Facility process flow diagram

Process units: general information ( ‘
Process units; flow diagrams and process descriptions
Residual generation and management . '
Residual and contaminated soil and debris characterization -
Residual management units: unit-specific characterization
Unit-specific media characterization B . ‘
General facility characterization (focusing on exposure pathway
characterization) ‘ :
Source reduction efforts

Certification. '

EéixgééﬁﬁZQFw

The survey was distributed in August 1993 to all refineries identified as active in
1992 in the DOE Petroleum Supply Annual. Of the 185 surveys distributed, completed
responses were obtained for 172 refineries. Thirteen refineries notified EPA that they had
~ stopped operations at some point in or after 1992 and thus were unable to complete the
survey due to no staffing or inaccessible or unavailable data. L

The survey responses were reviewed by SAIC chemical engineers for completeness
and then entered into a relational data base known as the 1992 Petroleum Refining Data Base -
(PRDB). The entries were subjected to a series of automated quality assurance programs to
identify inappropriate entries and missing data links. - An exhaustive engineering: review of
each facility’s response was then conducted, resulting in follow-up letters to most of the . ‘
industry seeking clarifications, corrections, and additional dafa where needed. The responses’ -

to the followup letters were entered into the data base. A wide variety of additional quality
assurance checks were run on the data to ensure that the residuals of concern were ‘

. .

characterized as.completely and accurately as possible. Follow-up telephone interviews were
conducted as necessary to address remaining data issues. After extensive review, the Agency
believes that the data are reliable and represent the industry’s current residual generation and
management practices. ' : ' ‘ '

" Table 2.2 describes the survéy results for each of the study residuals of concern,
sorted by total volume generated in metric tons (MT). ' :
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Table 2.2. Study Residuals Volume Statlstlcs .
Study Resldual Descnptlon » ) # of Reported Total Volume (MT)
! Residuals :
Acid Soluble O e ] ] s C 33,93
,Hyd;ocraeking Catalyst . S : o ' 8 18,029 |
Off-specification Product from Sulfur Complex and H,S Removal . ) _ :93 . 9;647
'Residual Oil Tank Sludge = S : -] e | 907
Treatlng Clay from Clay l;"iltex;ing:' . i R , h . 244 v h 8,990
Desalting Shudge : S o 4 . 4841
‘Off-specification Treating Solution from Sulfur, Complex and HZS Removal 5 76 i ‘ 23,881
(spent amine and spent Stretford Solution) . -
Catalyst from Polymenzanon (phosphonc acid and Dimersol) - ‘ » 42 | . 4,119
Treatmg Clay from Alkylation L v ’ ‘ ‘ - 88 . 2,895
Treatmg Clay. from lsomenzauon/Extroction B . | ) ' 43 - ) 2,472
Off-speclﬁcauon Product ﬁ'om Resxdual Upgradmg . - _ | 3 ‘ 800
Treating Clay from Lube Oil = o | N T N e B \
Catalyst from Isomenzauon o o o ; T2t 337 ‘
Sludge from Residual Upgrading o o 7 R o34 ' . 242
Catalyst from HF Alkylation o L ok 3. | 152
Total S o | 1 1081 . 119,738

2.2, 4 Famlhanzatlon Samphng '

: The early phases of the analytical phase of this hstmg determmauon consisted of the

development of a Quality Assurance PI'O_]eCt Plan (QAP;jP) for sampling and analysis,

followed by the collection and analysis of six'"familiarization" samples (five listing residuals
-and one study residual).. The purpose of collectmg these samples was to assess the ‘
-effectiveness of the methods identified in the QAPjP for the analysis of the actual residuals of

concern. Due to the hlgh hydrocarbon content of many of the RCs, there was concern at the

outset of the project that analytical interferences would prevent the contracted laboratory

from achieving adequate quantitation limits; familiarization analysis allowed the laboratories
‘to experiment with the analyﬂcal methods and waste matnces and optimize operatmg
procedures.

In addmon the first version of the QAPJP identified a list of target analytes that was
- derived from prev10us Agency efforts to characterize refinery residuals. These included the
Delisting Program’s list of analytes of concern for refinery residuals, the "Skinner List",
evaluation of compounds detected in the sampling and analysis program for listing reﬁnery
‘ _res1duals in the 1980s, and the Judgement of EPA and SAIC chem1sts who evaluated the .
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et

process chemistry of the residuals of concern. During familiarization éample analysis,
particular attention was paid to, the tentatively identified compounds to determine whether
they should be added to the target analyte list. ~ S :

Samples of five listing residuals were collected for familiarization analysis: crude oil
tank sediments, hydrotreating catalyst, sulfur complex sludge, H,SO, alkylation catalyst, and
spent caustic. One study residual, acid soluble oil, was analyzéd under this program. The
results of the familiarization effort essentially confirmed the techniques identified in the
QAPjP and indicated that the laboratories generally would be able to achieve adequate:
quantitation of the target analytes. The familiarization and final QAPjPs are provided in the
docket to the November 20, 1995 proposed rulemaking. ' L .

2.2.5 Record Sampling

Upan completion of the familiarization sampling and analysis effort, the Agency
injtiated record sampling and analysis of the listing and study residuals. Given budgetary
constraints, the Agency set a goal of collecting 4-6 samples of each of the listing residuals,
and 2-4 samples of the study residuals for a total of 134 samples*. Table 2.3 shows the 103
samples that were actually collected. The numbers in the darkened boxes refer to Table 2.4
which lists each of the sample numbers, sample dates, facility names, and othér information
describing the residual samples. : ‘ ‘ ‘

The sampling team maintained monthly phone contact with the targeted refineries to
maintain an optimized sampling schedule. Despite careful coordination with the refineries
and best efforts to identify and collect all available samples, there were several categories of
study residuals for which the targeted minimum number of samples could not be collected:

i Two samples of residual oil tank sludge were collected. This residual is
available only for a brief period during tank turnarounds, which may occur
only every 10 years. In several cases, refineries mixed their residual oil-and
clarified slurry 6il (CSO) in the same tank. -

e ' Two samples of treating clay from isomerization/extraction were collected.
This residual is available only for a brief period during unit turnarounds,
which may occur only every 3-5 years. . This residual was not readily available
from the set of facilities selected for sampling. ‘

. One sample of treating clay from lube oil processes was collected. Due to the
specialty of the processes, a limited number of refineries produce lube oils and
not all of these facilities use clay filtering. This residual is not readily
available, and was extremely difficult to find from the facilities randomly
selected for sampling. ‘ S

The Agency determined that one listing residual, catalyst from sulfuric acid alkylation, would not be sampled due
to the existing regulatory exemption for sulfuric acid destined for reclamatioxi, and that one study residual, catalyst from
HF alkylation, could not be sampled due to its extremely rare generation. ' ’
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e ” One sample of résidual upgradmg sludge was collected. This re31dua1 is not
' readﬂy available from the set of facrhtles selected for samplmg

o No samples of off—spec1ficat10n product from residual’ upgradmg were
collected. As is discussed further in Section 3.7.2, the Agency believes that
. this residual was inappropriately classified as a residual due to the evaluation
‘of inaccurate old data. This residual was reported as being generated by only
one facility in the’ 1992 §3007 Survey.

Each of the samples collected was analyzed for the total and Tox101ty Charactenstlcs
Leachmg Procedure (TCLP) concentrations of the target analytes identified in the QAPjP. In
‘addition, certain residuals were tested for different characteristics based on the Agency’s -
understanding of the résiduals developed during the engineering site visits. Each sample was
also analyzed for the ten most abundant nontarget volatile and the 20 most abundant
nontarget sem1—volat11e organics in each sample. These tentatively identified compounds
(TICs) were not subjected to QA/ QC evaluation (e.g., MS/MSD analyses) and thus were
. considered tentative.

2 2 6 Spht Samples Analyzed by API -

The Amencan Petroleum Institute (API) accompamed the EPA contractor (SAIC) on
v1rtua]ly all sampling tnps and collected split samples of many of the record samples. API's
analytical results for.a number of the samples were made available to EPA for comparison
purposes. In general, the Agency found that the API and EPA split sample analyses had -

- very good agreement. Appendix B of the Listing Background Document, available in the

RCRA docket for the 11/20/95 proposal presents the Agency s comparison of the split .
sample results. '

' 2.2.7 Synthesis
The results of the Agency s four year mvestlgatlon have been synthesmed in this
‘ report and in the Listing Background document for the November 20, 1995 proposed

- rulemaking. Additional supportmg documents are available i in the docket for that
rulemakmg : :
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Table 2.3. ‘Residuals Collected for Record Analysis

" ) Familiarization -
Record Samples T  Samples
Listing Residuals :

Crude oil tank sludge

Unleaded gasoline tank sludge
CSO sludge

FCC catalyst and fines
Catalyst from hydrotreating
Catalyst from hydrorefining
Catalyst from reforming
Sulfuric acid alkylation sludge

-

HF alkylation sludge
Sulfur complex sludge

Catalyst from sulfur complex
Off-spec product & fines/thermal process
Spent caustic

|

Study Residuals

Residual oil tank sludge

Desalting sludge

Hydrocracking catalyst

Catalyst from isomerization :

Treating clay from isomerization/extraction 68

Catalyst from polymerization - 35

Treating clay, alkylation (HF and H2S04) 20 76 86 .
ASO & - Iy |
Off-spec sulfur product 2 8 40 100 I
Spent treating solution (amine) 61. 58 82 78

Process sludge from residual upgrading 1 1

Off-spec product, residual upgrading

Treating clay from lube oil

Treating clay from clay filtering

Notes: v

Sulfuric Acid Alkylation catalyst is not presented in this figure. One
familiarization sample of sulfuric acid catalyst was captured and analyzed.
HF catalyst is constant boiling mixture (CBM) and is not shown in this figure.
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Table 2.4. Descriptions of Samples Collected for Rec“o'rd> Analysis

Residiial Name

' FCC catalyst and fines -

Off-spec sulfur

Catalyst from reforming o
Catalyst from hydrocracking
Desalting sludge - '

_ Catalyst from hydrotreating

Treating clay

Off-spec sulfur

Catalyst from sulfur complex -
Sulfur complex. sludge '

Process sludge from residual upgradmg .

FCC catalyst and fines
FCC catalyst and fines
CSO sludge.

" Catalyst from sulfur complex-

Spent caustic
Spent caustic
ASO

- HF alkylation sludgé )

Treating clay from alkylation
Catalyst from hydrorefining - -
Catalyst from reforming

-Catalyst from sulfur complex '

Catalyst from sulfur complex
Sulfur complex sludge -

. FCC catalyst and fines

FCC catalyst and fines

~ FCC catalyst and fines.

Sulfur complex sludge

Oﬁ-spec product & fines from thumal process

Treating clay
Spent caustic

-Sample
Number

" R2FCO1

R2-SP-01
“R2-CR-01

R2-CC-02°

R1-DS-01

'RI-TC-01

~ R1-CF-01 -

" R1-SP-01

RI1-SC-01
RI-ME-01 -

R1-RU-01

R4-FC-01 ~

R4-FC-02
R4-S0-01
"R4-SC-01
R3-LT-01

- R3-LT-02
R3-AS-01
R3-HS-01
R3-CA-01

R5-TC-01 .

R5-CR-01
R5-SC-01
R5-SC-02.

RS ME-02,03

R5-FC-02
R6-FC-01
R6-FC-02

" R6-ME-01

R6-TP-01
R6-CF-01
R6-LT-01

Sample
Date

'30-Sep-93
30-Sep-93 - -
+ 01-0ct-93

04-Oct-93

26-0ct-93 -

26-0ct-93
27-0ct-93
27-Oct-93
27-0ct-93
27-0ct-93

" 27-0ct-93
16-Nov-93

16-Nov-93

-16-Nov-93-

16-Nov-93

_ 18-Nov-93

18-Nov-93

" 18-Nov-93 .

18-Nov-93

18-Nov-93
07-Feb-94
07-Feb-94
07-Feb-94

07-Feb-94

07-Feb-94
07-Feb-94
09-Feb-94

09-Feb-94

09-Feb-94.
09-Feb-94-
09-Feb-94

09-Feb-94

19

ESP Fines.

Taken from low spots on the unit. .
Platinum catalysf. '

2nd stage, NifW,

Removed from vessel. -

‘Naphtlia reformer pretreat CoMo.

Kerosene.
From product tank.
Al203.

.MEA reclaimer bottoms. .

ROSE butane surge tank-sludge. '
Equilii)rium cat. from hopper.
ESP fines. truck trailer.comp.
Tank sludge from pad.

Claus unit alumina, super sack comp:

Tank samp. Cresylic, concentrated.
Tank samp. Sulfidic, concentrated.

Non-neutralized, separator drum sample

Not dewatered. Dredge from pit.

HF. Propane treater. Drum composite.
Heavy Gas-Oil, CoMo

CCR fines, Pt

Claus

" Tail gas, CoMo

Refinery MDEA filter cartridge
Wet Scrubber Fines -

Equil. from unit

Wet scrubber fines

" Refinery DEA filter cartndge_ '
Coke fines:

Kerosene ‘
Naph. Comb. Gas oil & Kero

. Reﬁnezy

Shell, Wood.River, Illinois
Shell, Wood River, Illinois -
Shell, Wood River, Hlinois
Shell, Wood River, Iilinois

‘Marathon, Indianapolis

Marathon, Indianapolis

* Marathon, Indianapolis

Marathon, Indianapolis -
Marathon, Indianapolis

* Marathon, Indianapolis

Marathon, Indianapolis :
Little America, Evansville, Wy

Little America, Evansville, Wy

Little America, Evansvil"_]e, Wy
Little America, Evansville, Wy
Exxon, Billings, Montana -
Exxon, Billings, Montana -

Exxon, Billings, Montana
~ Exxon, Billings, Montana
- Exxon, Billings, Montana

Marathon, Garyville, LA ‘
Marathon, Garyville, LA -
Marathon, Garyville, LA |

Marathon, Garyville, LA

Marathon, Garyville, LA

Marathon, Garyville, LA

Shell, Norco, LA .

Shell, Norco, LA

Shell, Norco, LA
Shell, Norco, LA
Shell, Norco, LA
Shell, Norco, LA




Table 2.4. Descriptions of Samples Collected for Record Analysis (continued)

Count  Residual Name

33
34

35

36
37
38
39
40
4]
42

43

44
45
46
47
48
49

50 -

51
'52
53

547

55
56
57
58
59
60
61

62 .
63 -

64

Crude oil tank sludge
Unleaded gasoline tank sludge
Catalyst from polymerization
Catalyst from hydrorefining
Catalyst from reforming

ASO -

Catalyst from isomerization
Off-spec sulfur

Residual oil tank sludge
Unleaded gasoline tank sludge
Catalyst from hydrocracking
Catalyst from hydrotreating
Off-spec product & fines from thermal processes

- H2S04 alkylation sludge

HF alkylation sludge
Catalyst from isomerization
CS0 sludge

Desalting sludge

HF alkylation sludge

- Catalyst from sulfur complex

Crude oil tank sludge

Catalyst from sulfur complex

Catalyst from hydrotreating

Catalyst from reforming”

Treating clay

Spent amine ’

Off-spec product & fines from thermal processes
Treating clay from lube oil

- Spent.amine

Spent caustic
Off-spec product & fines from thermal processes

: Spent caustic

Sample
Number

.R6B-CS-01
R6B-US-01
R6B-PC-01

R7B-RC-01
R7B-CR-01
R5B-AS-01
RSB-1C-01
R7B-SP-0!

R8A-RS-OT
R8A-US-01 -

R8A-CC-01
R8A-TC-01
RSA-TP-01
R8B-SS-01
R8B-HS-01
R8B-IC-01

R9-S0-01,02
R9-DS-01

R9-HS-01
R7B-SC-01

RI0-CS-01 -
R11-SC-01
R11-TC-01

R11-CR-01
R11-CF-01
R11-SA-01
R11-TP-01
R13-CL-01

” R13-SA-01

RI3-LT-01
R12-TP-01
R12-LT-01

Sample
Date

15-Mar-94

. 31-Mar-94

15-Mar-94
14-Mar-94
14-Mar-94
16-Mar-94
16-Mar-94
14-Mar-94
30-Apr-94

' »l4-A»pr-94
© 30-Mar-94

30-Mar-94

30-Mar-94
30-Apr-94 -

30-Apr-94
30-Apr-94
17-May-94

17-May-94

17-May-94
14-Mar-94

26-Aug-94
10-May-94

10-May-94
10-May-94

B 10-May-94
.10-May-94
- 10-May-94

30-Apr-94
30-Apr-94
30-Apr-94
12-May-94

12-May-94

- DEA

Notes

Mix of centrifuge and uncentrifuged
Water washed solids, collected by refiner
Dimersol. filter

Diesel hydrorefiner

Platinum

Acid regen seltler bottoms, not neutralize
Butamer, platinum ’

From cleaned out tank

CSO and Resid.

Collected by refinery

Hydroproc., st stage cracker, CoMo
NiMo, landfilled

Fines, F&K processed

From Frog pond; not dewatered

Not dewatered, dredged

" Butamer, Pt

Filters (and blank)

SCOT catalyst

SCOT, CoMo

NiMo, naﬁhtha treater
PY/Rh ‘
Reformer sulfur trap

Coke fines

Clay dust

DEA: -

Sulfidic

Coke fines, from trap
Cresylic

Refinery

Shell, Norco, LA

Shell, Norco, LA

Shell, Norco, LA

BP, Belle Chase, LA
BP, Belle Chase, LA
Marathon, Garyville, LA

. Marathon, Garyville, LA

BP, Belle Chase, LA

.Amoco, Texas City

Amoco, Texas City

" Amoco, Texas City
- Amoco, Texas City

Amoco, Texas City
Amoco, Texas City

* Amoco, Texas City v

Amoco, Texas City
Murphy, Superior, WI
Murphy, SuperiOr, WI
Murphy, Superior, W1
BP, Belle Chase, LA -
Ashland, Catletsburg, KY
ARCO, Ferndale, WA
ARCO, Ferndale, WA
ARCO, Ferndale, WA

- "ARCO, Ferndale, WA
" ARCO, Ferndale, WA

ARCO, Ferndale, WA

 Shell, Deer Park; TX

Shell, Deer Park, TX
Shell, Deer Park, TX
Texaco, Anacortes, WA
Texaco, Anacortes, WA




Table 2.4. Descriptions of Samples Collected for Record Analysis (continued) .

Residual Name

‘, -Unleaded gasolme tank sludge
Catalyst from polymerlzatlon
"Crude oil tank sludge -

" Treating clay from extraction

. Catalyst ﬁjom hydrotreating
" Sulfur complex sludge
Catalyst from 1somernzat10n
CsSO sludge
Crude oil tank sludge
HF alkylation sludge
~ Catalyst from refonniﬁg
" Treating clay from alkylation
ASO ‘ '
Spent-amine
Catalyst from reforming
Sulfur complex sludge

Off-spec product & fines from thermal processes

Spent amine
~ Catalyst from hydrotreating’

Off-spec product & fines from thexmal processes

Catalyst from hydror eﬁnmg

Treating clay from alkylation _

Catalyst from hydrocracking

CSO sludge

Crude oil tank sludge

* Desalting sludge

“Crude oil tank sludge
Residual oil tank sludge
ASO ’ :

Catalyst from hydrotreating '

Spent caustic

HF alkylation sludge

-Sample .
Number

R16-US-01"
R16-PC-01,02
' R8C-CS-01

RSD-CI-01

R18-TC-01

" RI8-ME-01 -

R18-1C-01

- RIB-CS-01 .
. R4B-CS-01

R15-HS-01

RIS-CR-01

R15-CA-01.
R15-AS-01

'RIS-SA-01

RI4-CR-0T
R14:ME-0]
R14-TP-01
R14-5A-01
R3B-TC-01-

R3B-TP-01
R21-RC-01 .

R21-CA-01
- R20-CC-01
R20-50-01
R19-CS-01

~ RIB-DS-01

R22-CS-01
R22-RS-01

‘R7C-AS-01

-R22-TC-01"

- R22B-LT-01
- " R7C:HS-01

Sample -
Date

© 03-Aug-94

03-Aug-94

. 01-Jul-94
~ 15-Nov-96.
. 20-Oct-94

14-Oct-94

© 20-Oct-94
26-Aug-94
26-Aug-94 -

02-Aug-94
02-Aug-94

02-Aug-94 .

02-Aug-94
02-Aug-94

07-Jun-94
" 07-Jun-94
©-.07-Jun-94
.. 07-Jun-94 .
- 12-Jul:94
- 12-Jul-94
31-Aug-94 -
31-Aug-94
30-Aug-94
30-Aug-94
~ '12-Oct-96

01-Sep-94
21-Sep-94
21-Sep-94
12-Oct-96
21-Sep-94
11-Oct-96

12-0ct-96

© 21

2 cataljsts from Dimersol and H2PO4

collected by refinery from tank bottom

. collected by refinery
- naptha

MEA sludge, collected by reﬁnery
Penex -

mixed CSO/resxd

Filter cake sludge

Dredged from pit

‘~CCR fines
" ‘Butane

Neut., skimmed from pit
MDEA ’
Cyclic Pt reformer

DEA diatoma.ceous'earth

" Delayed coking fines .

DEA from sump
Naptha treater -

 Fluid coker chunky coke

H-Oil unit, moving bed -

collected by refinery

caustic from H2S04 alky sulﬁdlc
Fllter press ' .

- Refinery

. Koch '

Koch

- Amoco, Texas City- -

Amboco, Texas City

Ashland, Canton, OH
Ashland, Canton, OH
Ashland, Canton, OH

- Marathon, Indianapolis' o

Little America

Total, Ardmore; OK
Total, Ardmore
Total, Ardmore
Total, Ardmore, OK

" Total, Ardinore, OK

BP, Toledo, OH
BP, Toledo, OH

“BP, Toledo, OH

BP, Toledo, OH
Exxon, Billings, MT
Exxon, Billings, MT

Chevron, Port Arthur, TX

Chevron, Port Arthur, TX
Star, Convent, LA '
Sfar, Convent, LA
Pehnzoil,~Shreveport, LA
ARCO, Ferndale, WA .
Star, Port Arthur, TX

_ Star, Port Arthur, TX
- BP; Belle Chase, LA

Star, Port Arthur, TX
Star, Port Arthur, TX
BP, Belle Chase, LA




Table 2.4. Descriptions of Samples Collected for Record Anaiysis (concluded)

Residual Name

Catalyst from isomerization
Treating clay from isomerization
Treating clay from alkylation
Off-spec sulfur

Treating clay from clay filtering
Desalting sludge

Familiarization Samples

Fl
F2
' F3
F4

FS5.

F6

Spent Caustic

Catalyst from hydrotreating
Sulfur complex sludge -
ASO .
Crude ol tank sludge -

 Sulfuric Acid Catalyst |

Sample

R23B-CI-01
R23B-IC-01
R23-CA-01
R23-SP-01

- R23-CF-01

R24-DS-01

A-SC-01

A-HC-01.
C-$5-01

C-AS-01
B-TS-01
~ B-SA-01

Sample
Date

19-Apr-95
19-Apr-95
19-Jan-95
19-Jan-95
19-Jan-95

20-Apr-95 -

©08-May-93

10-May-93

23-Jun-93
23-Jun-93
15-May-93.
15-May-93

Notes

Pt catalyst
Mole sieve, butamer feed treater

propane treater

diesel washed
Sludge from Lakos separator

Comingled.

Cobalt molybdenum.
MEA Reclaimer sludge.
Neutralized.

Filter cake.

Spent from third unit.

Refinery

Chevron, Salt Lake City
Chevron, Salt Lake City
Chevron, Salt Lake City
Chevron, Salt Lake City
Chevron, Salt Lake City
Phibro, Houston, TX

Marathon, Garyvi"lle -
Marathon, Garyville
Amoco, Texas City

"Amoco, Texas City.

Sun, Philadelphia

Sun, Philadelphia




3.0 . PROCESS AND WASTE DESCRfPTIONS
3.1 REFINERY PROCESS OVERVIEW

'Refineries in the Umted States vary in size and complexrty and are generally geared
to a particular crude slate and, to a certain degree, reflect the demand for specific products in
the general vicinity of the refinery. Figure 3.1 depicts a process flow diagram for a
hypothetical refinery that employs the major, classic unit operations-used in the refinery
industry. These unit operations are described briefly below, and in more detail in the
~ remainder of this sectlon Each subsection is devoted to a major unit operation that
generates one or more of the study residuals of concern and provides information related to

. the process, a description of the residual and how and why it is generated, management

~ practices used by the industry for gach residual, the results of the Agency’s characterization
of each residual, and summary mformatlon regardmg source reduction opportunities and
~ achievements.
Storage Facilities: Large storage capacities are needed for refinery feed and prod-
ucts. " Sediments from corrosion and impurities accumulate in these storage tanks. The
consent decree identifies sludges from the storage of crude oil, clarified slurry oil, and
unleaded gasoline for. consideration as listed wastes. Residual oil storage tank sludge was
1dent1fied as a study residual. : .

Crude Desalting: Clay, salt and other suspended solids must be removed from the
crude pnor to distillation to prevent corrosion and deposits.- These materials are removed by |
water washing and electrostatlc separatlon Desalting sludge is a study re51dual

Drstlllatron: After being desalted, the crude is subjected to atmosphenc drstillation,
. separating the crude by boiling point into light ends, naphtha, middle distillate (light and
heavy gas oil), and a bottoms fraction. The bottoms fraction is frequently subjected to
~ further distillation under vacuum to increase- gas oil yreld No residuals from drstrllatlon are
under investigation. ‘
Catalytic Crackmg' Catalyuc crackmg converts heavy d1st1]late to compounds w1th
lower boiling points ‘(e.g., naphthas), which are fractionated. Cracking is typically
conducted in a fluidized bed reactor with a regenerator to continuously reactivate the catalyst
Cracking catalysts are typically zeolites. The flue gas from the regenerator typically passes
- through dry or wet fines removal equipment and carbon monoxide oxidation prior to being -
. released to the atmosphere. Catalyst and fines, as well as sediments from storage of and
solids removal from clarified slurry oil (the bottoms fract10n from catalytrc crackmg) are
-listing residuals of concern.
_ Hydroprocessmg Hydroprocessing includes (1) hydrotreating and hydrorefining
(or hydrodesulfurization), which improve the quality of various products (e.g., by removmg
sulfur, nitrogen, oxygen, metals, and waxes and by converting olefins to saturated
compounds); and (2) hydrocrackmg, which cracks heavy materrals screating lower-borlmg, '
more valuable products. Hydrotreating is typically less severe than hydrorefining and is
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applied to lighter cuts. Hydrocracking is a more severe operation than hydr orefinmg, using
higher temperature and longer contact time, resulting in significant reduction in feed
molecular size. Hydroprocessing catalysts are typically some combination of nickel,
molybdenum, and cobalt. Typical applications of hydroprocessing include treating dlstﬂlate
to produce low-sulfur diesel fuel, treating naphtha reformer feed to remove catalyst poisons,
and treating catalytic cracking unit feed to reduce catalyst deactivation. - Hydrotreating and
hydrorefining catalysts are listing residuals, while hydrocrackmg catalyst is a study re51dua1

Thermal Processes: Thermal cracking uses the apphcatlon of heat to reduce high-
boiling compounds to lower-boiling products. Delayed (batch) or fluid (continuous) cokmg
is essentially high-severity thermal cracking and is used on very heavy residuum (e.g.,
vacuum bottoms) to obtain lower-boiling cracked products. (Resrduum feeds are not
amenable to catalytic processes because of fouling and deactivation.) Products are olefinic
and include gas, naphtha, gas oils, and coke. Visbreaking is also thermal cracking; its
purpose is to decrease the viscosity of heavy fuel oil so that it can be atomized and burned at
lower temperatures than would otherwise be necessary. Other processes conducting thermal
cracking also would be designated as thermal processes. Off-spec product and fines is a
listing residual from these processes '

Catalytic Reforming: Stralght un naphtha is upgraded via reforming to nnprove
octane for use as motor gasoline. Reforming reactions consist of (1) dehydrogenation of
cycloparaffins to form aromatics and (2) cyclization and dehydrogenation of straight chain
aliphatics to form aromatics. Feeds are hydrotreated to prevent catalyst poisoning. :
Operations may be semiregenerative (cyclic), fully-regenerative, or continuous (moving bed)
catalyst systems. Precious metal catalysts are used in this process. Spent reforrnmg catalyst
is a listing residual. :

Polymerizatio_n: Polymerization units convert olefins (e.g., propylene) into higher
octane polymers. Two principal types of polymerization units include fixed-bed reactors,
which typically use solid-supported phosphoric acid as the catalyst, and Dimersol® units,
which typically use liquid organometallic compounds as the catalyst. Spent polymenzatlon '
catalyst is a study resrdual : N

Alkylatlon. Olefins of 3 to 5 carbon atoms (e. g from catalytic cracking and coking)
react with isobutane (e.g., from catalytic cracking) to give high octane products. Sulfuric
(H,SQ,) or hydrofluoric (HF) acid act as catalysts. Spent sulfuric acid, sulfuric acid . .
alkylation sludges, and HF sludges are listing res1dua1s Whlle spent HF ac1d acid soluble oil

‘and treating clays are study res1dua1s

Isomerization: Isomenzatlon converts straight chain paraffins in gasoline stocks into
higher octane isomers. Isomer and normal paraffins are separated; normal paraffins are then
catalytically isomerized. Precious metal catalysts are used in this process. Spent catalysts
and treating clays are study residuals from this process. ' »

Extraction: Extraction is a separatron process using dlfferences in solublhty to
separate, or extract, a specific group of compounds. A common apphcatron of extxacuon is -
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the separat1on of benzene from reformate Treating clay isa study re81dual from thls

- . process.

Lube oil Procossmg‘ Vacuum d1st1]1ates are treated and reﬁned to produce a variety' -
of lubricants. Wax, aromatics, and asphalts are removed by unit operations ‘such as solvent
extraction and hydroprocessing; clay may also be used. Various additives are used to meet -
product specrﬁcatlons for thermal stability, oxidation res1stances, v1scos1ty, pour pomt etc.
Treatmg clay is a study residual from thls process ;

Rosndual Upgrading: Vacuum tower distillation bottoms and other res1duum feeds
can be upgraded to higher value products such as higher grade asphalt or feed to catalytic
cracking processes. Residual upgrading includes processes where asphalt components are
separated from' gas oil components by the use of a solvent. It also includes processes where
the asphalt value of the residuum is upgraded (e.g., by oxidation) pnor to. sale. Off-spec
. product and fines, as well as process sludges; are study res1duals from this category.

. " Blending and Treatmg° Various petroleum components and add1t1ves are blended to
' different product (e.g., gasoline) specifications. Clay and caustic may be used to remove
sulfur, improve color, and improve other product qualities. Spent caustic is a hstmg
-residual, while treatmg clay isa study residual.

. Sulfur Recovery: Some types of crude typlcally contain h1gh levels. of sulfur, which
must be removed at various pomts of the refining process. Sulfur compounds are converted
to H,S and are removed by amine scrubbing. The H,S often is converted to pure sulfur in a
Claus plant. -Off-gases from the Claus plant typically are subject to tail gas treating in a unit
such as a SCOT® treater for additional sulfur recovery. Process sludges and spent catalysts

- are hstmg res1dua.ls off-spec product and off—spec treating solutlons are study re51dua.ls

nght Ends (Vapor) Recovery' Valuable light ends from various processes are
recovered and separated. Fractionation can produce light olefins and isobutane for -
alkylatron n-butane for gasoline, and. propane. for’ thId petroleum gas (LPG). Caustic may
be used to remove sulfur- compounds Spent caustlc isa hstmg residual of concern.
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Figure 3.1. Simplified Refinery Process Flow Diagram
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- into a gravity settler. The settler utilizes a high-voltage electrostatic field to agglomerate

3.2 CRUDE OIL DESALTING

Crude oil removed from the- ground is contammated with a variety of substances
mcludmg gases, water, and various minerals (dirt). Cleanup of the crude oil is achieved i in
- two ways. First, field separatlon located near the site of the oil wells, provides for gravity
separation of the three phases: gases, water (with entrained dirt), and crude oil. The second
cleanup operation is crude oil desalting conducted at the refinery. Crude oil desalting is a
~ water-washing operation prior to atmospheric distillation which achieves additional crude oil
cleanup. Water washing removes much of the water-soluble minerals and suspended solids
from the crude. - If these contaminants were not removed, they would cause a variety of
operating problems throughout the refinery including the blockage of equipment, the

corrosmn of equlpment and the deactivation of catalysts

3.2.1 Process‘Doscnptlon_ -

To operate efficiently and effectively the crude oil desalter must achieve an intimate
mixing of the water wash and crude, and then separate the phases so that water will not enter
" downstream unit operations. . The crude oil entering a desalting unit is typically heated to 100
- 300°F to achieve reduced v1s0051ty for better mixing. In addition, the desalter operates at
- pressures of at least 40 Ib/in® gauge to reduce vaporization. Intimate mixing is achieved
~ through a throttling valve or emulsifier orifice and the oil-water emulsion is then introduced

water droplets for easier separation. Following separation, the water phase is d1scharged
~ from the unit, carrymg salt, mmerals dirt, and. other water—soluble matenals with it.

Desalting efficiency can be mcreased by. the addluon of multlple stages and in some
cases acids, caustic, or other chemicals may be added to promote additional treatment A
slmphfied process flow diagram for crude oil desalting is shown in Figure 3.2.1.

Desalted
" Crude Oil .

Crude Ol e
: -l Crude
o , — o ‘Desalter
*Water & ' S ‘ , :
Chemical =~ . -Sludge : Brine
- ‘ from to WWTP
! Desalting :

Figure 3.2.1. Désal_tiﬂg Process Flow Diagram
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3.2.2 Desalting Sludge
3.2.2.1 Description

Desalting sludge is contmuously separated from the crude oil and settles to the bottom
of the desalter with the water wash. The majority of the sludge is removed from the desalter ‘
with the water wash and is discharged to the facility’s wastewater treatment plant. The
sludge then becomes part of the wastewater treatment sludges. On a regular basis (e.g.,
weekly), water jets at the bottom of the desalter are activated, stirring up sludge that has
built up on the bottom of the unit andflushing it to wastewater treatment. "This process is
known as “"mud washing" and allows the units to contmue to operate without shutting down
for manual sludge removal.

Desalting sludge is removed: from the unit during unit turnarounds, often associated
with turnarounds of the distillation column. These turnarounds are infrequent (e.g., every
several years). Some refineries operate enough desalters in parallel to allow for turnarounds
while the distillation columns continue to operate.

At turnaround, the sludge can be removed in several different ways. Based on the
results of the questionnaire, approx1mately half of the total number of desalting sludge waste
streams are removed from the desaiter usmg a vacuum truck, permanent or portable piping,
or other similar means where the sludge is removed in a slurry state. "Another 25 percent of
the sludges are removed manuaily by maintenance workers while the removal method for the
remaining 25 percent of the sludges was not clear. The questlonnajre data further indicated
that half of the desalting sludge streams are further piped or stored in tanker trucks followmg
removal, while the remaining half are stored in drums or a dumpster.

As with some tank sludges, some faCi]ities remove their desalting sludge using a
vacuum truck or similar slurrying device, then centrifuge the material and store the solids in
a drum or dumpster. Such procedures would explain the apparent discrepancy between the
number of streams removed as solid and the number of streams stored in containers
(presumably also as solid). Questionnaire data indicate that approximately 10 percent of the
streams generated in 1992 underwent dewatering or a similar volume reducuon procedure

3.2.2.2 Generation_and Management

Eighty facilities reported generating a total quantity of 4,841 MT of desaltmg sludge
in 1992, according to the 1992 RCRA §3007 Survey. Desalting sludge includes material
generated from turnaround operations; materials continuously flushed to wastewater treatment
are generally omitted. The survey contained a residual identification code for “desalter
sludge”. All residuals assigned this code, and any misidentified residual determined to be
desalter sludge generated from a process as51gned process code for “desalting” were
considered “desalter sludge” residuals. This corresponds to residual code 02-A in Section
VIL.2 of the survey and process code 01-A, 01-B, 01-C, and 01-D in Section IV-1.C.

Quality assurance was conducted to ensure that all desaltmg sludge res1dua]s were correctly
identified and coded. : :
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Based on the results of the survey, 148 facilities use desaltmg umts and are thus likely -

to generate desalting sludge. Due to the infrequent geneération of this residual, not all of :
“these 148 facilities generated desalting sludge in 1992. In addition, some facilities do not .

generate desalting sludge at all because they do not conduct unit turnarounds, or do not find

any settled sludge when conducting maintenance. However, there was no reason to expect

that 1992 would not be a typical year with regard to desalting sludge generation and

management. Table 3.2.1 provides a description of the quantity generated, number of

streams reported, number of streams not reporting volumes (data requested was unavailable

and facilities were not required to generate it), total and average volumes.

- Note that 42 percent of desalting sludge volumes are discharged to onsite wastewater
treatment.  During engineering site and sampling visits, it was observed that refineries would.
simply flush the sludge to wastewater treatment dunng desalter tumarounds in a manner
- similar to mud washing. A : -

Over half of the desalting sludge residuals (48) were reported to be managed as
charactenstrcally hazardous (most commonly DO018), accounting for 40 percent of the sludge
volume.’> Twenty seven of these streams were managed with F or K listed wastes, reflecting
their frequent management in wastewater treatment systems. . 3

Table 3.2.1. Genera’tion}Statistic's for Desalting ‘Sludge, 1992

Final Monagement . " ¥of | #ofSteamsw/ | Totl Volume| Average

' . Streams | unreported volume . MI) | Volume (MT)

Discharge to‘onsite»'wasteWatervt‘re;l‘mnent fahility . 25 | v 9 " | 2_,041.52 81.66

Disposal in onsite or offsite underground m]ectwn 1 0 2. 00 o 2.00

Dzsposal in off.'szte Subtztle D landﬁll o ' 14 1 : 28:;?0 ”2.06

Disposal in offsite Subtitle C landfill o 15 5 " 221.40 - 14.76

Disposal in onsite Subtitle D landfill » 2 0 102.00 - sio0

Offsite incineration 8 1 56.00 7.00
Offsite land treatment 4 0 5320 - 1330)

' Onsite land treatment ] 0 34576 | = 43.22

Reeovery onsite in avcnke}r ‘ 3 3 - 5240 v 1 7.47 ‘
'Transfer far direct use as a fuel or to make a ﬁtel ‘17 - o o 1 - ) 1,937.60 113.98
TOTAL ST | e 20 | L4078 4990

L

' _‘ These percentéges do riot match up directly with any one of the management scenarios because the number of streams and the volume
are a combination of several management scenarios (i.e., managed in WWTP, Subtitle C landfill, transfer as a fuel, etc.).
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3.2.2.3 Plausible Managenient

EPA believes that most of the plausible management practices for this residual were
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3.2.1. The
Agency gathered information suggesting other management practices had been used in other
years including: “disposal in onsite Subtitle C landfill” (86 MT), “disposal in onsite surface
impoundment” (1 MT), and “recovery onsite via distillation” (0.5 MT). These non-1992
practices are generally comparable to practices reported in 1992 (i.e., off-site Subtitle C
landfilling and recovery in a coker). The very small volume reported to have been disposed -
in a surface impoundment reflects the management of this residual with the refinery’s
wastewater in a zero discharge wastewater treatment facility with a final evaporation pond;
this management practice is comparable to the 1992 reported practice of “disposal in onsite
wastewater treatment facility”. EPA also compared management practices reported for
desalting sludge to those reported for crude oil tank sediment because of expected similarities
in composition and management. Similar land disposal practices were reported for both
* residuals. : '

3.2.2.4 Characterization

Two sources of residual characterization data were developed during the industry

study:
. Table 3.2.2 summarizes the physical properties of desalting sludgc as reported
in Section VII.A of the RCRA §3007 survey. ‘ ‘ L
g Four record samples of desalting sludge were collected and analyzed by EPA.
These sludges represent the various types of desalting operations and sludge
generation methods typically used by the industry and are summarized in Table
3.2.3. The samples represent sludges generated during turnaround operations -
(the most common way desalting sludge-is generated), and also represents
sludges both with and without undergoing interim -deoiling or dewatering steps.
Table 3.2.2. Desalter Sludge: Physical Properties
fof |  #of 10 % 50tk % 90tk %
perties . : Values Unreported ‘

Pro Values'.

pH o 118 144 610 7.00 - 8.40

Reactive CN, ppm 60 - 202 0.15 .00 250.00

Reactive S, ppm : 67 - 195 080 | 8200 | s00.00

Flash Point, °C 73 189 43.89 60.00 94.44

0il and Grease, vol% . 103 159 5.00 16.00 70.00

Total Organic Carbon, vol% » 47 - - 215 , 1.00 15.00 35.00

Vapor Pressure, mm Hg ‘14 © 248 C0.00 10.50 150.00
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Table 3.2.2. Desa’lter Sludge: PhySical Prbperfies

S : #of #of 100 % SoR % | 90m %
Properaes N | Values. Um 1
Vapor Pressure Temperature, °C ‘7 L9 253 ;2000 : I 3000 -40.00
" Viscosity, Ib/ft-sec -3 259 - b.00' . 0.00 1500.00
Viscosity Temperature, °C 5 287 000 | 3000 | s0.00
Specific Gravity - - 69 " 193 0% | Lo - 170
BTU Content, BTUB ~ ° - | 56 | . 206 270.00 3,590.00 - | 10,000.00
Aqueous Liquid, % | 157 105 000 | 3000 78.00
Organic Liquid, % | 1m0 1 0.00 | 1500 50.00
Solid, % o | 0 | e 9.00 | 45.00 100.00
Other, % - o | 15t | eee | ee0 | 3000
Particle >60 mm, % . | 10 252 000 | 000 | 5000
Particle 160 mm, % | 9 | - 253 ° 0.00 . 90.00 | 10000
Particle 100 wm<l mm, % | 12 | 250 000 | 1000 100,00
Particle 10-100 ym, % , 9 | 253 000 | o000 100.00
Particle <10 pm, % . 1 s 254 000 0.00 0.00
Median Particle Diameter, microris 7 | ass ©0.00 200.00 | 2,000.00 i

1 Faczlmes were not 'required to do additional testmg, therefore information provided was based or' previously collecte¢
data or engmeermg Judgement.

Table 3.2.3. D&saltmg Sludge Record Sampling Locatlons

Sample No. ‘ , - .Dqscnptlon:

R1-DS-01 Mafathon, Indianapolis, IN From electrostatic ptecipitator
' ' . o | turnaround. Sludge/slurry removed
directly- from unit

"'R9-DS-01 Murphy, Superior, WI - Turnaround sludge/ slurry taken from
o o | drums -
R11-DS-01 - ARCO, Ferndale, W_A : Dewatered- sludge from tumaround -

taken from bins

R24-DS-01 Phibrb,, Houston, TX = v'Co'r‘ltinquusly genefated V"solids"' from
C i o brine separator; sample mostly aqueous

.-
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Table 3.2.4 provides a summary of the characterization data collected under this
sampling effort. The record samples are believed to be representative of desalting sludge as
typically generated by the industry. All four record samples were analyzed for total and
TCLP levels of volatiles, semivolatiles, and metals. Two of three samples analyzed for
TCLP Benzene exhibited the toxicity characteristic for benzene (i.e., the level of benzene i in
these samples’ TCLP extracts exceeded the correspondmg regulatory level). Only '
constituents detected in at least one sample are shown,in Table 3.2.4.

3.2.2.5 Source Reduction

The electrostatic desalter removes most of the solids: _salts and water present in the
crude oil. Minimizing the introduction or recycling of solids to the crude unit will assist the
reduction of desalting sludge, since solids attract oil and produce emulsions '

The amount of desalting sludge formed is a functlon of the efﬁ01ency of the desalter
but more flmdamenta.lly is a characteristic of the crude oil. Methods of managing desaltmg -
sludge center on increasing the efficiency of the desalter and de—emulsrfiers Wthh increase
the capability of separatmg the oil, water and sohd phases.

Reference ' | Waste Muumrzatron/Mana;vement
' Methods

"New Process Effectively Recovers Oil | “Enhanced separatlon of oil, water and
From Refinery Waste Streams." Oil & solids. ,
Gas Journal. August 15, 1994. .

"Filtration Method Efficiently Desalts Alternative process smgle-stage
Crude in Commercial Test." Oil & Gas ﬁltratmn : ,
Journal. May 17, 1993.

.D.T. Cindric, B. K.lem A. R Gentry Includes topic of more effective
and H.M. Gomaa. "Reduce Crude Unit separation of phases in desalter.
Pollution With These Technologies." ‘ :
Hydrocarbon Processing. August, 1993,

"Waste Minimization in the Petroleum . | Practices described: 1. Shear miﬁng
Industry: A Compendium of Practices.” | used to mix desalter wash water and
API. November, 1991. crude. 2. Turbulence avoided by using

lower pressure water to prevent
emulsion formation.
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Acetone

Benzene

n-Butylbenzene -

sec-ButylbenZene

Ethylbenzene

[sopropylbenzene

p-Isopropyltoluene

Methylene chloride

. Methyl ethyl ketone

" n-Propylbenzene .
Toluene
1,2,4-Trimethylbenzene

. 1,3,5-Trimethylbenzene
o-Xylene . :
m,p-Xylenes
Naphthalene

i

Acetone
Benzene | .
Ethylbenzene
Toluene

1,2,4-Trimethylbenzene -

1,3,5-Trimethylbenzene
~ Methylene chloride
o-Xylene.
m,p-Xylene
Naphthalene

Benzo(a)pyrene
Carbazole
Chrysene

" . Dibenzofuran

2,4-Dimethylphenol
‘Fluorene
Phenanthrene
Phenol

Pyrene .-
1-Methylnaphthalene -
2-Methylnaphthalene
2-Methylchrysene -
2-Methylphenol
3/4-Methylphenol
Naphthalene

v

Volatile Organics - Method 8260A pglkg

CAS No. .
67641
71432

135988
100414
98828
99876 |

- . 75092
78933
103651
108883
95636

108383 / 106423
© 91203

"~ CAS No.
- 67641
71432
100414
108683
-85636
108678
75092
95476
108383 / 106423
91203

CAS No
50328
86748
218019

~105679
86737
85018
108952
129000
90120
91576
'+ 3351324
95487
NA

. 91203,

104518 |”

108678 "
95476 |

132649 | -

<

<

AANCEC AAAREC

Table 3.2.4. Desalting Sludge Characferizat_ion |

R1-DS-01

200,000
230,000
62,500
62,500
180,000
62,500
62,500

- 49,000
62,500
62,500
660,000
350,000
140,000
290,000
950,000
62,500

TCLP Volatile Organics - Methods

R1-DS-01
770
5,200
550
5,200

250

. 250
1,000
*1,100
2,400
250

Semivolatile Organics - Method 82708 pgikg

© R1-DS-01
4,300
*13,200
6,600
6,600
6,600
6,000
12,000
6,600

. 48,000
66,000
13,200

6,600
6,600
33,000

6,600 |.

R9-DS-01
< 625 <
22,000
42,000
24,000
150,000 |
36,000
25,000
625
625
74,000
220,000
230,000 |
85,000 .
190,000
- 380,000
55,000

1311 and 8260A jig/L.
R9-Ds-01

< . 50|'B
1,700 ’

340

2,000

190

. 54].

1,200 |

. 5404

~ 1,100

< © 804

R9-DS-01

J 5600
< 20,625
< . 10313
12,000 |.

< 10,313
24,000 -
61,000
10,313}

10,000
220,000
330,000
13,000
10,313
10,313

_ 110,000

R11B-DS-01

1,250

" 28,000

31,000
19,000
48,000
27,000

- 18,000

1,250
4,250
44,000

. 61,000
68,000
34,000

- 54,000

67,000

54,000

~ R11B.DS-01

260
280
120

R11B-DS-01

10,000

20,0007

13,000
16,000
10,000
26,000
68,000

110,000

10,000
180,000
240,000

20,000

10,000

10,000 |- -

130,000

<

<
<

“(pgll)y .
R24-D§-01

160

B

R24-D8-01"
- NA
- NA

NAY
NA; -

NA
NA]
NA
NA

NA -

NA

(polL)

R24-DS01 ©

5
43
5
5
190
5
26
900
B
81,
130
10
340
530.

110

Average Conc
67,292
93,3331
36,500
21,500
126,000
31,500
21,500
16,958

NA

60,167

- 313,667
‘216,000
86,333
178,000
465,667
54,500

. Averége« Cong -

360
- 2,393
337

2,653

- 130

38}

741
613
1,330

511,

Average Conc
4,950

NA

9,971

11,533

NA

18,667/

47,000
NA
8,867
149,333
212,000
13,000

NA

" NA

. 91,000|

Maximum Conc
200,000
230,000

42,000

24,0001"

180,000
36,000
25,000
49,000

NA

74,000
660,000
350,000
140,000

290,000 .

950,000,
55,000

Maximum Conc
770

--5,200

550

5,200

190

54

. 1,200

1,100 "

2,400
- B2

Maximum Conc
'5,600

© NA
13,000

16,000

NA

26,000

68,000

NA
10,000
220,000
330,000
13,000
NA

NA

130,000

Comments

Comments

_\Comments
1




Benzo(a)pyrene

Bis(2-ethylhexyl)phthalate

Di-n-butyl phthalate
2,4-Dimethylphenol

1-Methylnaphthalene
2-Melhylnaphthalone

2-Methylphenol
3/4-Methylphenol
Naphthalene
Phenol

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium

" Cobalt

Copper
Iron
Lead
Magnesium
Manganese
. Mercury
Molybdenum
Nickel -
Potassium
Selenium
Sodium
Thallium
Vanadium
Zinc

Aluminum

. Barium
Calcium
Chromium -
lron
Magnesium
-‘Manganese
Nickel

Zinc

DESALTING SLUDGE

[TCLP Semivolatile Organics - Methods 1311 and 82708 pg/L

Average Conc
16

200

20

50

Average Conc
4,600

120

220

1,767

0.80

643
2,867

Average Conc
3.20
237
261

035}

141
403
407
0.31

2086

Maximum Conc
16
500
20
73
71
92
48
68
120
200

Maximum Conc
7,500

16.0

34.0

2,200

1.40

3.40

- 16,000

150

27.0]

_ 680
T 77,000
1,100

120]

5,400

Maximum Conc
R 7.60

- 7 350

) . 580
0.87

210{"

710
6.00
0.52

570

CAS No. R1-DS-01 R9-DS-01 R118-DS-01 R24-DS-01
50328 |J8B 16 < 50| < 50 N.
117817 < 50|B 500] < 50 N
84742| < 50] < S0 J 20 N
105679] J 26| < 501 J 73 N
90120| J 3214 50) 4 " N
91576| J 3414 60| J 92 N
95487 J 481 J 251 J 43 N
NA J 6814 40| J 49 N
91203 J 861 J 61 120 N
108952 200§ < 50| J 54 N
Total Metals - Methods 6010, 7060, 7421, 7470, 7471, and 7841 mglkg (mgll) -~
CAS No, R1-DS-01 R9-DS-01 R118-DS-01 R24-DS-01 ¢
7429905 2,600 3,700 7,500 11.0
7440360 16.0 140] < 6.00 0.28
7440382 16.0 34.0 16.0 0.05
7440393 2,200 1,700 1,400 1.80
7440417 < 050|< | 0.50 T o140|< 0.0025
7440439 2.90 1.80 340])< 0.0025
7440702 16,000 5,300 3,300 230
7440473 110 76.0 150 0147
© 7440484 270 16.0 130| < 0.025
7440508 |- 680 340 430 1.20
7439896 71,000 55,000 77,000 . © 200
7439921 1,100 . 390 160 0.36
7439954 2,200 3,200 3,300 68.0
7438965 .- 310 250 450 - 1.60
7439976 41.0 4.40 39.0 0.0085
7439987 17.0 19.0 16.0} < 0.034
- 7440020 76.0 100 110 0481
7440097 < 500(< - ~ 500 < 500 41.0
7782492 140 220 7501 < 0.0025
7440235 "< 500( < 500 < - 500 830
7440280| < 1.00| - 700| < 1.00f{< - 0.005
74406221 - 36.0 37.0 120 012
7440666 A 300 ; © 1,900 5,400 220
TCLP Metals Methods 1311, 601 0, 7080, 7421, 7470, 7471, and 7841 mg/L
CAS No. R1-DS-01 R9-DS-01 R11B-DS-01 R24-DS-01
7429905 760 < 1004 < 1.00 NA]
7440393 2601 < + 1.00 3.50 NA
7440702 580 | 150.00 54.0 NA|
7440473 ~ 087(< © 005 0.12 NA
7439896 - 210 - 24.00 180 NA
7439954 710j«< 2501 < 25.0 ~NA
74339965 600 160 4.60 NA
7440020} < 020])¢< 020 0.52 NA|
* 7440666 "200 290 57.00 NA
Comments s
- 1 Detection limits greater than the highest detected concentratlon are excluded from the calculations.
Notes:

B
J

(\} 2

Analyte also detected in the associated method blank :
Compound's concentration is estimated. Mass spectral data indicate the presence of a.compound that meets the
identification criteria for which the resultis less than the laboratery detection limit, but greater than zero.

Nat Annli

Comments
1

1

Comments

" Comments



33 HYDROCRACKING

Petroleum refimng hydroprocessmg techmques mclude hydrocrackmg, hydroreﬁmng,

"~ and hydrotreating. Hydroreﬁmng and hydrotreating processes and their respective catalyst

‘residuals are described in the Listing Background Document for the November 20, 1995
proposed rule. Hydrocracking processes are similar to hydrotreating and hydrorefining .
processes in that they remove organic sulfur and mtrogen from the process feeds, but differ ¢
in that they also serve to break heavier fraction feeds into lighter fractions. As refinery
crudes have become heavier, hydrocrackmg, a more recent process development compared to

- long-established conversion processes such as thermal cracking, has become more widely '
used. The current trend to heavier feeds and lighter h1gh-quahty feeds causes hydrocracking
to offer advantages to future refining operatlons

In addltIOI'l, hydrocracklng is a versatile process, and under mild conditions ’,c’a'n be
utilized for hydrotreating (typically fractions that need to be saturated to give good burning
quality) and under more severe conditions can be utilized as a cracker (typically feeds that

 are too heavy or too contammant—laden for catalytic cracking). As a result of this flex1bﬂ1ty,
hydrocracking processes can appear in reﬁnery operations in a number of different places.

; 3.3.1 Process Doscnptron

The process ﬂow for hydrocrackmg is snmlar to that for hydrotreatmg the feed is
mixed with a hydrogen—nch gas, pumped to operating pressure and heated, and fed to one or
‘more catalytic reactors in series. Hydrocracking units are typlcally designed with two stages:’
the first uses a hydrotreating catalyst to remove nitrogen and heavy aromatics, while the '
second. stage conducts: cracking. The catalysts for each stage are held in separate vessels.
Orgaric sulfur and nitrogen are converted to H,S and NH3, and some unsaturated olefins or
aromatics are saturated or cracked to form lighter compounds. In addition, heavy metal
‘contaminants are adsorbed onto the catalyst. Following the reactor, the effluent is separated
via stabilization and fractionation steps into its various fractions. There are two major
differences between hydrocracking and hydrotreating: D operating pressures are much
'h1gher in the range from 2,000 - 3,000 Ib/in* gauge, and 2) hydrogen consumption is much.
higher, in the range from (1,200 - 1,600 SCF/barrel of feed) dependent on the feed. The
feed is generally a heavy gas oil or heav1er stream - :

, Catalysts employed in hydrocrackmg reactors have multiple functions. First, the
catalyst has a metallic component (cobalt, nickel, tungsten, vanadium, molybdenum,
platinum, palladium, or a combination of these metals) responsible for the catalysis of the
hydrogenation and desulfurization/denitrification reactions. In addition, these metals are .
supported on a highly acidic support (srhca—alumma acid-treated clays, acid-metal
phosphates, or alumina) responsible for the cracking reactrons A sunphﬁed process flow
3 dlagram is- shown in Flgure 3. 3 1 below,
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Figure 3.3 1. Hydrocrackmg Process Flow Dlagram
3.3.2 Spent Hydrocrackmg Catalyst

. 3.3.2.1 Descnptlon

Metal deposition acts to deactivate, or poison, the hydrocracking catalyst. In ’
addition, carbon from the cracking reactions deactivates the catalyst The catalyst’s life is
dependent on the severity of cracking and metal deposition and is changed out every 6
months to 8 years. The catalyst closest to the entrance (top) of the reactor becomes
deactivated first, and for this reason is sometimes replaced more frequently than the entire-
reactor contents (a “toppmg operation). When catalyst activity is unacceptable, the reactor
is taken out of service and typically undergoes a hydrogen sweep to burn residual
hydrocarbon, then a nitrogen sweep to cool the reactor and remove occupational hazards such
as hydrogen sulfide and benzene. Such procedures were reported by most facilities. The
following additional procedures were reported to be employed by fewer facilities, typically
only one or two: ,

Oxidation (to burn residual hydrocarbon)
Cat nap technology or diesel wash (to lower vapor pressure of hazardous :
volatiles)
] Wet dump, water wash, or soda ash wash (to neutra.hze sulfides and remove
volatiles) :
Steam stripping (to remove volatlles)
Evacuation (a technique p0551b1y similar to mtrogen sweep)
Some facilities report using no pretreatment methods pnor to catalyst removal
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In some processes, a moving bed of catalyst is used instead of a fixed bed. In this process,
catalyst is continuously and slowly moved countercurrent to the hydrocarbon flow. Spent

- catalyst is generated almost continuously and fresh catalyst added as needed for makeup.

- This configuration differs significantly from the fixed bed design with respect to spent
catalyst generation frequency. - L :

Unlike hydrotreating and hydrorefining catalysts (discussed in Listing Background
Document), both precious metal and nonprecious metal catalysts are used in hydrocracking
processes. Based on a total of 46 facilities reporting spent hydrocracking catalyst generation,
34 (74%) reported using nickel/molybdenum, 11 (24 %) reported using nickel/tungsten, and

11 (24%) reported using palladium. An additional 16. facilities (35 %) reported using other -
metals in their catalyst such as cobalt, copper, magnesium, monometallic nickel, phosphorus,
- 'tin, and zinc. As stated in Section 3.3.1, many hydrocracking units are constructed as a
hydrorefining stage followed by a cracking stage. In reporting catalysis use, refineries may
not have differentiated between hydrorefining and cracking functions in their response. In
this section, data for both pretreatment (hydrorefining function) and hydrocracking catalysts

" are presented. o . L = ‘

Approximately 2,500 MT of the hydrocracking catalyst generated in 1992 was
identified as displaying hazardous characteristics.® This is approximately 15 percent of the
total volume managed. The most commonly displayed hazardous waste codes were D001
- (ignitable), D003 (reactive), D004 (TC arsenic) and D018 (TC benzene).

3322 Generation and Management -

During reactor change-outs, ‘spent hydrocracking catalysts are removed from the
reactors using a variety of techniques including gravity dumping and water dnlhng ‘Upon
removal from the catalyst bed, the catalyst may be screened to remove fines or catalyst '
, - support media. The catalyst is typically stored in covered bins pending shipment off site for
disposal or recovery. e ‘ S . :

Twenty-eight facilities reported generating a total quantity of 18,000 MT of this
residual in 1992, according to the 1992 RCRA §3007 Questionnaire. Residuals were
-assigned to be “spent hydrocracking catalyst” if they were assigned a residual identification
code of “spent solid catalyst” or “spent catalyst fines” and were generated from a process '
identified as a hydrocracking unit. These correspond to residual code 03-A in Section VII.2
of the questionnaire and process code 05 in Section IV-1 .C of the questionnaire. Quality
assurance was conducted by ensuring that all hydrocracking catalysts previously identified in
' the questionnaire (i.e., in Section V.B) were assigned in Section VII.2. '

Based on the results of the quéstidnnaire, 47 facilities use hydrocracking units and are
thus likely to generate spent hydrocracking catalyst. ‘Due to the infrequent generation of this
residual, not all of these 47 facilities generated spent catalyst in 1992. However, there was

These percentages do not match up directly with any one of the management scenarios because the number of streams and the volume
are a combination of several ‘management scenarios (i.e., Subtitle C landfill, transfer for metals reclamation, etc.). .

Petroleum Refining .Industry Smdy o o 37 ’ ' S Aﬁgﬁst 1996




no reason to expect that 1992 would not be a typical year with regard to hydrocracking
catalyst generation and management. Table 3.3.1 provides a description of the quantity
generated, number of streams reported, number of streams not reporting volumes (data
requested was unavailable and facilities were not required to generate it), total and average
volumes. . ~ ‘ S '

Table 3.3.1. Generation Statistics for Hydrocracking Catalyst, 1992
Final Maragerment ' #of # of Streams w/ Total Average
Streams unreported Volume Volume
1 volume "~ | (MI) o)
Disposal in offsite Subtitle D landfill 7 o | 159270 227.53
Disposal in offsite Subtitle C landfill 8 0 991.50 123.94
Reuse onsite as replacement catalyst for another 1. 0 159.40 - 159.40°
unit : :
Transfer metal catalyst for reclamation or ‘ 445 S22 13,185.56 |  293.01
regeneration .
Transfer to another petroleum refinery , 14 . R 2,100.00 150;00
TOTAL 75 2 | 1802016 29556
3.3.2.3 Plausible Management

EPA believes that most of the plausible management practices for this residual were
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3.3.1. The ‘
Agency gathered information suggesting other management practices had been used in other .
years including: “disposal in onsite Subtitle D landfill” (8 MT) and “other recycling, ‘
reclamation, or reuse: cement plant” (320 MT). These non-1992 practices are comparable to
1992 practices (i.e., off-site Subtitle D landfilling) or to typical practices for alumina-based
catalysts (e.g., cement plants). ' : ‘ - o

The Agency has no other data to suggest other management practices are used for
hydrocracking catalysts due to the physical characteristics and chemical composition of the
waste. EPA compared the management practice reported for hydrocracking catalysts to'those
reported for hydrotreating and hydrorefining catalysts based on expected similarities. Similar
land disposal practices were reported for all three residuals.. e

3.3.2.4 Characterization
Two sources of residual charadten'zation were developed during the industry study:

. Table 3.3.2 summarizes the physical properties o.f‘ the spent cataly‘ét as
reported in Section VIL.A of the §3007 survey.
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e Three record samples of spent hydrocracking catalyst were collected and
analyzed by EPA and are summarized in Table 3.3.3." The record samples
E ‘represent the most frequently used catalysts (ice., nickel/tungsten and
 nickel/molybdenum, together used by well-over half of the refineries with
hydrocracking processes. In addition, heavy gas oil or similar =~
distillate/residual feed is the most common application of hydrocracking
reactors, according to the questionnaire. Therefore, the record samples are -
expected to represent most of the spent catalyst generated in the industry.
However, another frequently used catalyst (palladium) is not represented, and
catalysts employing feeds other'than heavy gas oil (e.g., lube oil) may not
have the same characteristics when spent. ' ‘

Table 3.3.4 provides a summary of the characterization data collected under this
sampling effort. All three record samples were analyzed for total and TCLP levels of
volatiles, semivolatiles, metals and ignitability. One of three samples exhibited the
jgnitability characteristic. Only constituents detected in at least one sample are shown in -
Table 3.3.4.. SR ‘ B - ' .

Table 3.3.2. Hydrocracking Catalyst Physical Properties‘

| S #of | #of 0n% | Sen% | 90k %
Properties . Values -| Un‘:'edz:;s'ned

pH - 102 5.00  6.80 9.14
Reactive CN, ppm_ - - 21 120 0.30 320 | -~ 10,00
Reactive S, ppm ; o 38 103 1.00 | 12.50 9,500.00
Flash Point, °C R ‘ 36 705 | . 6000 .| 15750 | 200.00
01l and Grease, vol%. Sl o | 1 000 | 036 9.00
Total Organic Carbon, vol% | 14 127 000 0.63 8.00
' Specific Gravity « 547 87 0.80 1.74 3.15
Specific Gravity Témperaiufe, °C 10 - 131 » 17.80 20.00 25.00
BTU Content, BTU ' 4 | B | ‘o000 000 | 748500
Aqueous Liguid, % . - 64 77 1 o000 | o000 ' 0.00
0rg2mic Liguid, % - B 78 .00 0.00 - 0.00
Sotid, % 101 40 100.00 10000 | '100.00.
Other, % - ] e | 0.00 000 | 0.00
Particle >60 mm, % . | 28 m | 000 0.00 0.00
Particle 1-60 mm, % o e | e . 95.00 99.00 | 10000
Particle 100 pm-1 mm, % | 3 e | 000 100 | 500
Particle 10-100 ym, % . . | 27 | .14 000 | 000 0.00

¢
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Table 3.3.2. Hydrocracking Catalyst Physical Properties
| #of # of 10k % S0tk % 90k %

Properties 7 Values .Uu‘med i '
Particle <10 pm, % 27 114 000 | 0.0 0.00
Median Particle Diameter, microns 13 | 128 000 . | 160000 | 2,000.00

1 Facilities were not required to do adddwnal testing, therefore mformatwn provided was based on previously collected

data or engineering judgement.
Table 3.3.3. Spent Hydrocracking Catalyst Record Sampling Locations l

Sample No. v ' J Description: =~ ' l

R2-CC-01 Shell, Wood River, IL - | Nickel/tungsten catalyst, fixed bed,
-heavy gas oil feed

R8A-CC-01 Amoco, Texas City, TX Nickel/molybdenum catalyst, moving
‘ . bed, heavy gas oil feed :

| R20-CC-01 Star, Convent, LA : Mixed nickel/tungsten and
: ‘ ' ’ nickel/molybdenum catalyst, moving
bed, heavy gas oil feed

3.3.2.5 Source Reduction

There is little that can be done to reduce the quantity of these generated catalyst since,
by design, they must be periodically replaced with fresh catalyst. As a result, the greatest
opportunity for waste minimization arises from sending these matenals offsite for metals
regeneration, reclamation, or other reuse.

Refinery hydrocracking catalysts genera]ly consist of cobalt and molybdenum or
nickel and molybdenum on an alumina support. Typically, the catalysts are regenerated after
use. However, industry is interested in finding more specific, long-lasting catalysts.
Extensive research is performed in producing new catalysts. Information on hydrotreating
and hydrorefining catalysts are also presented below because some of this information may
be relevant to hydrocracking catalysts.

Reference o By Waste Mmumzatlon/Management
‘ : ‘ Methods S
Monticello, D.J. "Biocatalytic ’ An alternative to metal catalysts is the
Desulfurization.” Hydrocarbon Processing. development of microorganisms that can
February, 1994. - catalyze the reaction.

Petroleum Refining Industry Study 40 4 - © August 1996




Reference

Waste Minimization/Management
Methods ‘

';NPRA'Q&A* 1: Réfmers Focué on FCC,
Hydroprocessing, and Alkylation Catalyst. "
Oil & Gas Journal. March 28, 1994.

| ,Methods in nnprovmg catalyst life and

performance.

Gorra, F., Scribano, G., Christensen, P.,
Anderson, K.V., and Corsaro, O.G. "New
Catalyst, Improve Presulfiding Result in 4+

August 23, 1993.

Year Hydrotreater’ Run " Oil & Gas Joumal. |

Material substitution to extend catalyst
lifé. . I ' ‘

|| "Petroleum- derived Additive Reduces Coke
‘on. Hydrotreating Catalyst." Oil & Gas
Journal. December 27, 1993. -

| Process modification extends life of

catalyst.

"Waste Mmimization—in the Petroleum
Industry: A Compendlum of Practlces
API. November, 1991.

“Practices listed: 1. Metals reclamation,

2. Recycling to cement, 3. Recychng to
fertilizer plants .
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Acetone

Acrolein

Benzene
n-Butylbenzene
sec-Butylbenzene
Ethylbenzene
Isopropylbenzene
p-lsopropyltoluene
Naphthalene
n-Propylbenzene
Toluene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
o-Xylene

m,p-Xylenes

Benzene

Ethylbenzene
Methylene chloride
-Toluene

1,2 ,4=Trimethylbenzene
1,3,5-Trimethylbenzene
o-Xylene . ' :
--m,p-Xylene -

Table 3.3.4. Spent Hydrocracking Catalyst Characterization

Volatile Organics - Method 8260A pg/kg
R2-CC-02

_ CAS No. -

67641
107028
71432
104518
135088
100414
98828

99876

91203

103651
108883
95636
108678
95476
108383 / 106423

71432
100414
75092
108883
" 95636
108678
95476

~|108383 /106423

CAS No.

5,300
2,500
370,000
10,000
1,250
35,000
1,250
1,250
1,250
5,000
300,000
~ 25,000
8,000
23,000
60,000

<
<

R2-CC-02

10,000
470

50
6,600
94

50
290
750

R8A-CC-01
6,250
6,250

15,000
40,000
18,000
95,000
34,000
28,000
64,000
49,000

120,000 |

170,000

48,000
120,000
250,000

R8A-CC-01
230
180

250

. 640

120

50

270

410

TCLP Volatile Organics - Methods 1311 and 8260A pg/L

AAcc AAARA

R20-CC-01
1,250
1,250
1,250

12,000
13,000
1,250
3,700
8,500
7,600
1,250
© 1,250
21,000
4,200
3,400
7,100

R20-CC-01
' 50

50

50
50
44
61
50
50

Average Conc Maximum Conc Comments

3,275
1,875
128,750
20,667
10,750
43,750
17,625
12,5683
24,283
27,000
140,417
72,000
20,067
48,800
105,700

5,300
2,500
370,000
40,000
18,000
95,000
34,000
28,000
64,000
49,000
300,000

- 170,000

48,000
120,000
250,000

1
1

Average Conc Maximum Conc Comments

3427
233

117
2,430
86

54

1203
403

10,000
470
250

6,600
120
61
290
750




- Acenaphthene “
Benz(a)anthracene - ‘

Benzofluoranthene (total)

Benzo(g,h,i)perylene

Benzo(a)pyrene

Carbazole

4-Chlorophenyl phenyl ether

~ Chrysene

Dibenzofuran

7,12-Dimethylbenz(a)anthracene

Fluoranthene
Fluorene »
* Indéno(1,2,3- cd)pyrene
-3 Methylcholanthrene
2-Methylchrysene
- -Methylnaphthalene.
2-Methylnaphthalene
2-Methylphenol-
Naphthalene
"Phenanthrene
- Pyrene .

Carbazole
2,4-Dimethylphenol
1-Methylnaphthalene
~ 2-Methylnaphthalene
2-Methylpheno! -
- 3/4-Methylphenol (total)
. Naphthalene
Phenol
Phenanthrene
.Pyrene

83329
56553
191242
50328

" . 86748
7005723
218019
132649
" 57976
206440
86737

56495
90120

95487
91203
85018

- 105679
90120
91576

- 95487

NA
91203
108952
85018
129000

"~ CAS No.

3351 324

91576}

129000 |

CAS No.
86748 |

CAAAAAANAA

193395 | <

ANt AT AAAA

'HYDROCRACKING CATALYST

165
165

1651~

- 165

165

330
165

165

1,200
165
165

2,800| .

165
165
330
330

165"
165 <
165|

1,200
. 1,600

Semlvolatlle Organlcs - Method 827OB Hag/kg
- R2-CC- 02 -

R8A-CC-01
20,000 -
6,900
5,000
28,000
3,100
74,000
- 4125
17,000
9,700

- 4,125
20,000
40,000
4,600
4,125
13,000
56,000
110,000
4,125
43,000
180,000
"430,000

32,000
10,313

42,000
29,000
24,000
83,000

13,000

25,000
82,000
110,313

164,000
.230,000
390,000
7,000
45,000
160,000
680,000

R2-CC-02
100
50
100

50

. 66

" 76

50

53

50

TCLP Semlvolatﬂe Orgamcs Methods 1311 and 8270B uglL

R8A-CC-01
78

23

24

46

70

49

44|

" 50

23

R20-CC-01
100
44

. 59
25
17

63
. 50

AN ettt A

50

50

(Y SR SN N N S R e

42

31,000 -

68,0001 -

45,0001 .

23,000( -

41

6|

17,388

3,533

12,055
23,388
10,755

32777\

29,097

16,430
15,055
41,600

2,383

© 9,097

25,777
- 95,443
166,722

3,763
129,388
113,733 |

.370,533

Average Conc Maxtmum Conc Comments
781.

78
34
33
52

- 54

47

55
23

42|

28,388} -
7,967 |-

35

6,900
31,000
42,000

29,000

74,000
/83,000
68,000
13,000
45,000

. 25,000
82,000

4,600
23,000

64,000
230,000
390,000 |

7,000
45,000
180,000

680,000 '

44

41

59
70
76
44
63

23

42

R20-CC 01 Average Conc Maximum Conc Comments
32,000
.

1
1

4.,




HYDROCRACKING GATALYST

Total Metals - Methods 6010, 7060, 7421, 7470, 7471, and 7841 malkg
CAS No. R2-CC-02 R8A-CC-01 R20-CC-01 Average Conc Maximum Conc Comments
Aluminum 7429905 120,000 53,000 110,000 94,333 120,000
Antimony 7440360 6.0 220 < 6.0 773 220
Arsenic 7440382 12.0 29.0]. 5.0 15.3 29.0
Beryllium ‘ 7440417 0.5 160 18.0 59.5 160
. Chromium 7440473 1301 68.0 1.0] 66.3 130
Cobalt 7440484 24.0 440 5.0 156 440
Copper . 7440508 55.0 35.0 25 30.8) 55.0
Iron . 7439896 52,000 2,200 5701 - 18,257 52,000
Lead 7439921 0.3 : 15.0 16] . 5.6 "15.0
Manganese 7439965 390 16.0 A5 136 +390
Molybdenum 7439987 - 65 5,400 . 17,000 7,469 . 17,000
Nickel - 7440020 19,000 28,000 27,000 24,667 28,000
.Selenium 1 7782492 0.5 40]< - 05] - 1.7 4.0
Sodium ’ 7440235 .. 1,200 ©-2,0001 < - 500 1,233 2,000
Vanadium - . 7440622 ‘ 37.0{  ~ 140,000 . 49,000 163,012 . 140,000
Zinc L _ © 7440666 82.0 10| < 2.0 64.7| - - 110

'[TCLP Metals - Methods 1311, 6010, 7060, 7421, 7470, 7471, and 7841 mg/L T 8
CAS No.’ R2-CC-02 R8A-CC-01 R20-CC-01 Average Cong Maximum Conc Comtnents

~Aluminum N 7429905 26.0. 1.00} < 1.00 9.33| -26.00
Chromium _ 7440473 " 0.35 0.05 0.05| - 0.15 0.35
fron T 7439896 130 . 050 0.50 437 130} -
Manganese o 7439965 - 10.0| < 0.08 0.08| 338 10.0
_ Nickel o 7440020| - 110 3.60 0.43 38.0 110
Vanadium S 7440622| < 025 470 0.25 173 T 470
Zinc - 7440666| 0.58]" 0.10 0.10] 026] 0.58] .

. o ' Miscellaneous Chéracterization' : - _
Ignitability (oF) . R2.CC0J -ReACCOf  R20-CC0f
2 138 | 145 CONA

Comments: L - : , )

1. Detection limits greater than the highest detected concentration are excluded from the calculations. -

Notes: - o S : ) '

B Analyte also detected in the associated method blank. - . : o

J Compound's concentration is estimated. Mass spectral data indicate the presence of a compound that meets
- the identification criteria for which the result is less than the laboratory detection limit, but greater than zero.

ND - Not Detected. o " :
ND - Not Applicable.

a4




3.4 ISOMERIZATION

The purpose of isomerization is to increase the refinery’s production of high octane,
low aromatic gasoline. Gasoline with low benzene and aromatics is newly specified in the
'California market and is expected to be adopted. by other states in the future (Oil & Gas .
Journal, 1995)". S : ,, S ’ :

3.4.1 JTsomerization Process Description
B Principal applications of isomerization at refineries are naphtha- isomérizati’oh, which
- produces a gasoline blending component, and butane isomerization, which produces isobutane
. feed for the alkylation unit. . Figure 3.4.1 depicts a generic process flow diagram for '
~ isomerization. Based on the results of the RCRA §3007 questionnaire, 65 facilities reported
having isomerization units, distributed as follows (some facilities have more than one type of
isomerization unit): ‘ - ' ‘
47 facilities have naphtha isomerization units-
:15 facilities have butane isomerization units.

e 7 facilities have other types of isomerization units.
cas | | ! | - B ¥ <R
' ' ' : Fuel F;as
Caustic | . .~ .
——
Wash "
=
U
N
Spent . S
Molecular . S S S Y2 ) ' . ,
| Steve h - L L ‘ ‘ Spent Make-up
' l Reactolr o I R Costic . - Caustc
Speﬁt : h : l
~ Catalyst . ‘ , . - Isomerate
~ Figure 3.4.1. . Isomerization Process Flow Diagram
3.4.1.1' | Naphtha Isomerization

Gasoline, or naphtha, is generated throughout the feﬁhery'and consists of a mix of C;
and higher hydrocarbons in straight, branched, or ring configuration. Naphtha isomerization
- converts the straight chains to branched, significantly raising their octane number. A

 0il & Gas Journal, "Deadline Looming for California Refineries to Supply Phase II RFG," December 11, 1995, : .
pages 21-25. B : ‘ ‘ o :
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common source of such "low grade" naphtha is light straight run, which consists of the
lighter fraction (Cs/Cq) of naphtha from atmospheric crude distillation. The reduction of lead
in gasoline in the 1970s increased the demand for isomerization technology; prior to that time
naphtha isomerization was not widely used (Meyers, 1986). ' ‘

As found from the RCRA §3007 questionnaire results, the most common naphtha
jsomerization processes presently used in the industry.are UOP’s Penex process and Union - '
Carbide’s Total Isomerization Process (TIP). Other licensed processes used include the
Unjon Carbide Hysomer process and the BP Isomerization process. In these four processes, .
naphtha is combined with hydrogen and flows through one or two fixed bed reactors in
series; the catalyst consists of a precious metal catalyst on a support (non-precious metal
catalysts are rarely, if ever, used for naphtha isomerization). The reactor effluént is sent to a
series of columns where hydrogen and fuel gas are separated from the isomerate product. ‘
The isomerate, having a si ificantly higher octane number than the light straight run feed, is
charged to the gasoline blending pool. Although the isomerization reaction is not a net
consumer or producer of hydrogen, the presence of hydrogen prevents coking and subsequent
deactivation of the catalyst (Meyers, 1986). : ‘ , L

From a solid waste generation perspective, the principal differences between the
various processes relate to the catalyst used; this will in turn affect the feed pretreatment
steps and spent catalyst characterization. The two principal types of catalyst identified in the
industry are: (1) platinum on zeolite, which operates at temperatures above 200°C, and (2)
platinum chloride on alumina, which. operates at temperatures below 200°C. The higher
temperatures are characteristic of the TIP and Hysomer processes, ‘while the lower
temperatures are characteristic of the Penex process and the BP process. The effect of these
two different precious metal catalysts on the process are as follows: ' '

. Dioxin formation. To maintain an environment of hydrogen chloride in the-
feactor required for catalyst activity, the platinum chloride catalyst requires a
small but continuous addition of a chlorinated organic compound (e.g:, carbon
tetrachloride) to the feed. - Although no oxygen is preseht during operating

. conditions, the conditions encountered during unit turnaround and catalyst
removal (see Section 3.4.3) could result in dioxin formation. During sampling
and analysis, the Agency tested for dioxin and the results are presented in
Table 3.4.4. I ' :

Unlike reforming unit catalyst (2 platinum catalyst discussed in the
Listing Background Document), the isomerization unit catalyst
apparently does not undergo in situ regeneration. One refinery stated
that they do not conduct regeneration because coke does not form and
contaminate the catalyst (making regeneration unne(;essafy), and design

information for these units does not mention in suu regeneration.
. Feed pretreatment.’ The platinilm chloride catalyst, operating at the lower

temperatures, provides better conversion of paraffins to isomers.. However,
this catalyst is susceptible to water, sulfur, and nitrogen as catalyst poisons -
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(Meyers, 1986). To combat these contaminants, the feed is commonly L
_ desulfurized over a cobalt/molybdenum or similar catalyst and generated H,S
" is removed prior to the isomerization reactor. To further protect against sulfur
poisoning, some processes include a guard column between the -
hydrodestilfurization reactor and the isomerization reactor to remove additional
sulfur-containing compounds. Rather than consisting of Co/Mo (like many
hydrotreating catalysts), this guard column often consists of zinc oxide, nickel
on alumina, or copper oxide. ' : s ‘
‘To remove water from the desulfurized naphtha, the hydrocarbon feed is
typically dried using molecular sieve. When the molecular sieve is saturated,
it is- taken off-line for water desorption while the hydrocarbon is rerouted to a.
parallel molecular sieve vessel. Ina similar way, water is removed from the
hydrogen feed. Certain molecular sieves can remove both sulfur compounds
* and water from hydrogen or hydrocarbon feeds. |

‘The Piatimim on zeolite catalyst is less SusCeptiblé to poiso-ning' by these
“contaminants and reportedly requires none, or significantly less, pretreatment
(Meyers, 1986). ©~ ' o -

Another difference in operating practices found among individual refineries is product
stream recycling to increase yield and octane. These qualities can be increased by (1) -
recycling the paraffins to the reactor following their separation from the isomerized product,
or (2) separating (and effectively concentrating) low octane paraffins from other high octane -
feed components such as isomers and aromatics. These steps can be performed using either
conventional fractionation or an adsorbent.” In the latter case, the normal paraffins are
adsorbed onto zeolite or another adsorbent while the isomers pass through. ' The paraffins are
desorbed and introduced as isomerization reactor feed, while the isomers bypass the
isomerization reactor and are introduced to a post reactor stabilizer. Not all refineries
~ conduct such separation, although separation of the feed or product using molecular sieve is

integral to the Union Carbide Total Isomerization Process. ' ‘ '

3.4.1.2 ‘Butane Isomerization
: The purpose of butane isomerization is to generate feed material for a facility’s
alkylation'or MTBE production unit; alkylation unit feed includes isobutane and olefins,
while the raw materials used in making MTBE are isobutylene and methanol. Butane
isomerization is a much older process than riaphtha isomerization, having been used in
refineries since World War II. Presently, the most prevalent method of producing isobutane
from ‘n-butane is the UOP Butamer process, similar in many ways to the isomerization of
. naphtha over platinum chloride catalyst. In the Butamer process, normal butane, generated
from throughout the refinery and separated from other butanes by distillation, is combined
with hydrogen and a chlorinated organic compound. The hydrogen is used to suppress the
polymerization of olefin intermediates, while the chlorine source is used to maintain catalyst
activity. . The feed flows through one or two fixed bed reactors in series, containing platinum
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chloride on alumina catalyst. The isobutane product is recovered and used as alkylation unit
feed. Butane isomerization takes place at-lower temperatures than naphtha isomerization.

Like platinum chloride catalyst used in naphtha isomerization, the Butamer catalyst is '
poisoned by water and sulfur, as well as fluoride (Meyers, 1986). These compounds are '
removed from the hydrogen and hydrocarbon feed by molecular sieve. ‘

Although the Butamer process and others using platinum chloride on alumina as a
catalyst dominate the industry, other technologies are also used. Three facilities conducting - -
butane isomerization do not use platinum catalysts. Instead, the catalyst is aluminum :

chloride/hydrochloric acid and generates an almost continuous spent catalyst waste stream in
slurry or sludge form. : ' : :

3.4.1.3 Other Isomerization Processes

Seven facilities reported using isomerization for purposes other than naphtha or butane
ijsomerization. Such applications demonstrate the integration of petroleum refining and
chemical production at many refineries. Some of these processes more closely represent -
petrochemical production than refining processes because they are not-widely reported by-
refineries as a refining step, are not used for fuel production, and produce commodity
chemicals. The processes reported by these seven facilities can be classified into three areas:

i Xylene Isomerization Four facilities report processes to convert xylene
isomers (e.g., from an extraction process) to p- and/or o-xylene. Unlike the
naphtha and butane isomerization units described above, the catalyst is not
precious metal. The xylene products are sold. '

e - Cyclohexane Isomerization Two facilities produce’cyclohexane from raw
materials that include benzene and hydrogen. Unlike the naphtha and butane -
jsomerization units described above, the catalyst is not precious metal.

o Butylene Isomerization Two facilities produce butylene from various C, |
olefins. Butylene is used for feed to the alkylation unit. A precious metal
(palladium) catalyst is used. - a A ‘
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' 3.4.2 Isomerization Catalyst
3.4.2.1 "Description»

 As discussed in Section 3.4.2, the most prevalent catalyst used for both butane and
naphtha isomerization is platinum or platinum chloride on alumina or zeolite. When the
" catalyst loses activity, it is removed from the reactor and replaced with fresh catalyst. Prior
to removal, the reactor may be swept to remove hydrocarbons from the catalyst. These

preparation steps can include one ‘or more of the following:

. Nitrogen sweep (to remove hydrocarbon)
- e Oxygen sweep (to burn hydrocarbon) '
e . Steam stripping (to remove hydrocarbon).

_This procedure of catalyst preparation, removal, and replacement, is rellati\"fely lengthy
(typically one week or more) and requires the unit, or at least the reactor, to be shut down
- such that no hydrocarbon is processed during the time of catalyst replacement. .

There are a handful of isomerization- processes .used at domestic refineries that do not
use platinum,or platinum chloride catalyst. At these facilities, spent catalyst is generated in
~ one of the following two, methods: o S

. A method similar to thé generation of spent platinum/platinum chloride catalyst
o described above. Fixed-bed processes are used in both palladium and non- -
' precious metal catalyst applications and spent solid catalyst is infrequently
removed. - ' ' . ‘

e - . A method where catalyst is removed from the fixed-bed reactor frequently (up
to once a day) in liquid/semi-solid form, presumably with little to no
disruption of the process. This method is used only for one process which
uses aluminum chloride/hydrochloric acid catalyst. S

Another type of catalyst seen in conjunction with an isomerization unit is desulfurization.
catalyst: In many naphtha isomerization processes, the feed typically contains high levels of
mercaptans which are converted to H,S over a non-precious metal catalyst, such as '
cobalt/molybdenum. Such catalysts were discussed in the Listing Background Document
under the broad name of "hydrotreating catalysts" and will not be discussed here. '

3.42.2 ~ Generation and Management

“The spent catalyst is vacuumed or gravity dumped from the reactors. Based on -

~ information from site visits, most refineries place the material directly into closed containers
‘such as 55-gallon drums, flow-bins, or 1 cubic yard "supersacks." - The frequency of _
generation is typically between 2 and 10 years, with a small number of facilities generating a
slurry/studge continuously. In 1992, only one facility reported classifying this residual as
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RCRA hazardous (this facility classified 2'MT as D001).* In other yeais, some fa;cilities'
reported that this residual carried 2 RCRA hazardous waste code of D018 (TCLP benzene).

Eighteen facilities reported generating a total quantity of 337 MT. of this residual in
1992, according to the 1992 RCRA §3007 Questionnaire. The questionnaire reported that 65
facilities have isomerization units and thus are likely to generate spent isomerization catalyst
at some time. Due to the infrequent generation of this residual, not all of these 65 facilities
generated spent catalyst in 1992. ‘However, there was no reason to expect that 1992 would
not be a typical year with regard to this residual’s generation and management. ‘

Residuals were assigned to be "spent isomerization catalyst" if they were assigned-a
residual identification code of “spent solid catalyst" and were generated from a process
identified as an isomerization unit. These correspond to residual code 03-A in Section VILA
of the questionnaire and process code 10 in Section IV.C of the questionnaire. The small
volume of continuously generated residuals (discussed in Section 3.4.3.1) were typically
omitted from these statistics, because they were most often characterized as sludges. -
However, as stated in Section 3.4.1, some nonprecious metal catalysts are also used in fixed
bed processes and are included in these statistics. Table 3.4.1 provides a description of the
1992 management practices, quantity generated, number of streams reported, number of
streams not reporting volumes (data requested was unavailable and facilities were not
required to generate it), total and average volumes. ‘ . : -t

Table 3.4.1. Generation Statistics for Catalyst from Isomerization, 1992'

Final Monagement #of .- # of Streams w/ | Total Volume Average

: Streams unreported volume A7) ) Volume oM7)
Disposal in offsite Subtitle C landfill -3 ' . 0 ! ] A43.79 ‘ 7 ~14.60

. | B

Transfer metal catalyst for reclamation or - 17 0 . 293.40 - . 17.26

regeneration . . ‘ ' ‘
TOTAL : 20 0 | 16.86

3.2.2.3 Plausible Management

EPA believes that most of the plausible management practices for this residual were
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3.4.1. The
Agency assessed information reported for other years but no additional management practices
were reported for this residual. In addition, EPA compared the managerhem: practice
- reported for isomerization catalysts to those reported for reforming catalysts (a listing -

" residual described in the Listing Background Document) based on expected similarities. The
vast majority of both wastes are reclaimed due to their precious metal content. ° ‘

s

These percentages do not match up directly with any one of the management scenarios because the number of streams and the volume
are a combination of sevéral management scenarios (i.e., Subtitle C landfill, transfer for metals reclamation, etc.). )
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3.42.4 . Characterization
Two sources of re,sidual éharééterization were develdped during the industry study:

e - Table 3.4.2 summarizes the physical properties of the spent catalyst as report-
‘ - ed in Section VIL'A of the §3007 survey.

o Four record samples of spent iéoméﬁzation catalyst were‘ collected and
- analyzed by EPA. These spent catalysts represent the majority of processes
" used by the industry. Sampling information is summarized in Table 3.4.3.

- The collected samples are'expected to be reprgsentéﬁve of pro'c'esslés using platinum
chloride catalyst. - Other processes use platinum catalyst or (rarely) non-precious metal ‘

catalysts. Because similar feeds are processed by most isomerization processes, these spent
 catalysts are expected to display similar characteristics; with the following exceptions: (1)
spent platinum chloride catalysts (and possibly aluminum chloride/hydrogen chloride
' catalysts) are the only catalysts expected to contain dioxins, because of the presence of
chlorine .in the-process, (2) platinum chloride catalysts require cleaner feed (i.e., water and
- sulfur are catalyst poisons), and thus concentrations of some contaminants may be greater in
spent catalysts from processes not using platinum chloride catalysts. - '

. All four record samples were analyzed for total and TCLP levels of volatiles,
semivolatiles, metals, and reactivity- (pyrophoricity). Three samples were analyzed for total
levels of dioxins/furans. Three of the four samples were found to exhibit the toxicity
characteristic for benzene (i.e., the levél of benzene in these samples’ TCLP extracts
exceeded the corresponding régulatory level). A summary of the analytical results is
presented in Table 3.4.4. Only constituents detected in at least one sample are shown in this
table. L - s

Table 3.4.2. Catalyst from Isomerization: Physical Properties
, L | e | ke ' 100 % Soh% | 90R%

Properties o Values' Uﬂzz"gf" |

A R . 335 4.50 7.75
Reactive CN, ppm o ' 14 57 . 0.04 - 1.00 11.60
Reactive S, ppm o 1 s | s | ese | se0 100.00
Flash Point, °C 15 56 . 60.00 - 100.00 200.00
0il and Grease, vol% : ) . j4 56 0.00 0.50 1.00
-‘Total Organic Carbon, vol% I3 ] 58 | ‘ 000 020 | 3.00
 Specific Gravity . N 23 48 o65 | 1.08 | 3.0
Aqueous Liquid, %~ . . T | s 0.00  0.00 0.00
 Organic Liquid, % - .32 39 000 | o000 | Loo
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Table 3.4.2. Catalyst from Isomerization: Physical Properties

#of #of | 10m% | smw | oom%
Properties Values Uum :
Solid, % : 52 () 1 9500 | 100000 | 100.00
Other, % : : 29 C a2 0.00 0.00 " 0.00
Particle >60 mm, % 11 60 0.00 0.00 | 100.00
Particle 1-60 mm, % 2 ) 0.00 10000 | 100.00
Particle 100 pm-1 mm, % | 1 - 58 0.00 0.00 1.00
Particle 10-100 pm, % S 58 0.00 0.00 5.00
Particle <10 pm, %. o 6 0.00 | 0.00 0.00
Median Particle Diameter, microns 9 62 . o 0.00 1,590.00 2,000.00

1 Racilities were not required to do additional testmg, therefore mfonnatwn provzded was based on prekusly collected

data or engineering judgement.

Table 3.4.3. Spent Isomerization Catalyst Record Sampling Locations l
Sample number | Facility " | Description: Process Name/ Catalyst Type
e - e
| RSB-IC-01 Marathon, Garyville | Butane isomerization (UOP Butamer process),
i LA platinum chloride catalyst :
R8B-IC-b1 Amoco, Texas City ’ Na'phtha isomerization (UOP Penex process)',
. X platinum chloride catalyst '
| R18-IC-01, Ashland, Canton Naphtha isomerization (UOP Penex process),
OH platinum chloride catalyst _
R23B-1C-01 " | Chevron, Salt Lake | Butane isomerization (UOP Butamer process),
City, UT - | platinum chloride catalyst
3.4.2.5 Source Reduction !

-« As in the case of the hydrocracking catalyst source reductmn methods are those that
extend the life of the catalyst. Currently, recycling of the spent catalyst by ,endmg to metals
reclamation is a common practice since the catalyst is platinum.

s

Reference - ' Waste Minimization Methods
J. Liers, J. Mensinger, A. Mosch, W. ' | The platinum catalyst together with erionite
Reschefilowski. "Reforming Using Erionite increases isomerization.
Catalysts." Hydrocarbon Processing. Aug. 1993.
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_ Acetone

" Benzene

" tert-Butylbenzene

" Chlorobenzene

" Chloromethane
2-Chlorotoluene -
4-Chilorotoluene
1,4-Dichlorobenzene
Ethylbenzene '
Isopropylbenzene
n-Propylbenzene .
Methyl ethy! ketone
Toluene o
1,2,4-Trimethylbenzene -
1,3,5-Trimethylbenzene -
o0-Xylene

m,p-Xylenes -

"~ Naphthalene

‘Acetone -
. Benzene

- Chlorobenzene

2-Chlorotoluene
4-Chlorotoluene -
Ethylbenzene
‘Methylene chioride ~
Methyl ethyl ketone .
Toluene ‘
1,2,4-Trimethylbenzene
o-Xylene

. m,p-Xylene
Naphthalene

- Bis(2-ethylhexy!) phthalate
7,12-Dimethylbenz(ajanthracene

" Isophorone ’

- 2,4-Dimethylphenol

2-Methylphenol

3/4-Methylphenol

Phenol

Volatile Organics - Method 8260A pg/kg

165

R184C-01

CAS No;  R5B-iC-01 R8B-IC-01
- 67641 < 625 < 625 B . . 1,200
71432 24,000 - 19,000( . 280,000
98066 ( < - 625} < 625| . 1,800
. 108907 | < . 625 - 15,000( J 580
74873| 3,700 . 1,900 - 12,800
. 95498 | < 6251 < 825 1,900
106434 < 625|< - 625 1,300
. 106467 < 625| J L7304 < 600
- 100414 < 625 < 625} - 63,000
98828 |. < 625 < 625 -J - 520
103651 < 625)< 625 1,800
' 78933| < 625| <. 625 B 1,200
108883 < 6251 J 500} 270,000
95636 | < 625 1,500 - 3,800
108678 | < 825| J 540 < 600
) 95476 < 625| < . 825) 29,000
108383 / 106423| < .625(J 720 - 190,000
.91203 | < .625 1,900 < 600 |
TCLP Volatile Organics - Methods 1311 and 8260A pg/L
CAS No.’ R5B-IC-01 R8B-iC-01 R18-C-01
67641 | < " 80f< 501 B 180
71432 1,700 1,400 8,800
108907 | . < . 50]. 220 < 50
. 95498| <~ " BO|< 80| J 33
106434 | < 50| < 50| J - 21
100414 | < 50{< . . - 50 4,500
75092 | < 50|B 3,500 J . .23
78933 | < 50| < 50} J ‘42
108883 ( < 501J .48 8,300
95636 | < 50 < S 501 J 55
95476 < 50 < 50 - 930)
108383/ 106423| < 50[< 50 - 3,800
: 91203| < 50)<’ 50| < 50
Semivolatile Organics - Method 8270B pg/kg “ o
+. _CASNo. = RS5B-C-01 R8B-IC-01 R18-IC-01
Co7817 | < 165{J - 410 710
57976 | J 731 6001 < 165
78591 1,200 15,000 J 220
. 105679 | < 165 < - 413 * 1,000
95487 | < - 1651 < 413 . 640
NA . < 165| < 413 1,500
108952 < < 413 1,700

53
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R23B-IC-01 Average Conc Maximum Conc

15,625
15,625
15,625
15,625

150,000

16,6251 -

15,625
- 15,625
15,625
15,625
" 15,625
16,625
15,625
15,625
" 15,625
15,625
15,625

9,800

R23B-IC-01
50
50
50
50

- 501

50

50 ).

50
50
50
50
50

26

R23B-IC-01
165

165

- 2700
165

1651.

165

- 165

817.
84,656
1,050
5,402
39,600
1,050
850
652

19,969 |
520

1,017
817
71,688
1,975

540 .

11,469
51,743
3,231

Average Conc
83

26

'Average Conc
‘ 363"

. 251
4,780

. 436

346

561

611

~ Table 3.4.4. Residuél-Chai'acfexjization Data for Spent Isomerization Catalyst

"1,200
280,000
1,900
15,000

160,000

1,800
1,300
730
63,000
520
1,800

. 1,200
" 270,000
3,800
540
29,000

- .190,000
9,800

Maximum Conc.

180
8,800
220
33
21
1,500
- 3,500
© 42
8,300
55
930
3,800

+ 26

Maximtim Cong

710

. 600
15,000
1,000
. 640
1,500

1,700

Commenfs
1

- Comments




ISOMERIZATION CATALYST

TCLP Semlvolatile Organlcs - Methods 1311 and 82708 poglkg .
CAS No. R5B-1C-01 R8B-{C-01 R18-1C-01 R23B-IC-01 Average Conc Maximum Conc
Bis(2-ethylhexyl) phthalate 117817 501< 25000| J 18 50 18 18
Di-n-butyl phthalate 84742 31f< 25,000 J 50 50 ; 44 50
2,4-Dimethylphenol 105679 50 320,000] J 53 50 .51 53
2-Methylphenol 95487 50 140,000 140 50 80 140
3/4-Methylphenol (total) NA 50 870,000 240 50 113 240
Phenol 108952 50 < 25,000 - 840 50 313 840
Isophorone 78591 . 50|J 6,700| < 50 50 NA NA

Total Metals - Methods 6010, 7060, 7421, 7470, 7471, and 7841 mg/kg )
: s CAS No. R5B-IC-01 ReB-iC-014 - R18-C-01 R23B-IC-01 Average Conc Maximum Conc ~ Comments
Aluminum 7429905 460,000 130,000 260,000 230,000 270,000 460,000
Arsenic 7440382 1.00 1.00 26.0 1.00 7.25 26.0
Chromium 7440473 20.0 170( - 17.0] . ' 17.0 17.8 20.0
Copper 74405081 < 2.50 2501 < . 250 5.50 3.25 5.50
Iron : : 7439896 | < 10.0 54.0 190 - 730 81.8 190
Nickel - S 7440020 14.0 100| < 4.00 4.00 8.00 1401
Zinc 7440666 | < 2.00]< 200} < 200} - 92 3.80]| 9.20

TCLP Metals - Methods 1311, 6010, 7060, 7421, 7470, 7471, and 7841 mg/L . ;
: CAS No. REB-IC-01 RaB-IC-01 R18-1C-01 R23B-IC-01 Average Conc. Maximum Conc.  Comments
- Aluminum . 7429905 620 560 ) 380 ; 450 503 T 620
Chromium 7440473 © 0.05)< 0.05] . 0.13 - 0.05 0.07 - 0.13
Iron, e 7439896 240} < 0.50 760)< 0.50 275] 7.60
Lead ' ‘ 7439921 | < .. 0015|<  0015| - 0.045 - 0015 . -0.023 | 0.045
Manganese . 7439965 ©70.08]< 008 . 0.42 0.08| - 0.16 0.42
Zinc 7440666 © 0.45(B 0.4 070(B- _ 053 - 052 . 070

Dioxins/Furans - Method 8290 ng/kg : ’ : - _
* CAS No. R5B-1C-01 R8§-l0-01 R18-IC-01 R23B-IC-01 Average Conc Maximum Conc  Comments

2,3,7,8-TCDF ’ 51207319 0.13
" Total TCDF ) 55722275 0.13
- 2,3,4,6,7,8-HxCDF . 60851345 0.32
Total HXCDF - 55684941 -0.32
1,2,3,4,6,7,8-HpCDF 67562394 | " 0.42
+ Total HpCDF ) i 38998753 ] - 210
- 1,2,3,4,6,7,8-HpCDD 1 35822469 3.00
Total HpCDD ‘ 37871004 3.00 » 7
" OCDF : 39001020 | - 3.70 0.80 - 055 NA - 1.68 . 3.70
ocbD . ‘ _ 3268879 . 430 1.70 _ 170 - NA 15.47 43.00
2,3,7,8-TCDD Equivalence 1746016 ) 0.11 0.0017 < 0.071 NA . 0.06 - 0.1

0.20
0.20
0.34
0.34
0.26
0.26
0.60
.0.60

0.69 NA 0.34 0.69
0.69 : NA - 0.34 0.69
0.50 NA! 0.32 0.32
0.50 NA 032 - . 0.32]
0.37 ’ NA - 0.35 : 0.42
037 NA ) 091§ - T 210
0.50 ' NA - 1.37 3.00
0501 . NA 197 3.00

WAAAAAARAMNRARA
WAAAAAANATE

Comments: : . . ‘ ) ) .

' * 1 Detection limits greater than the highest detected concentration are excluded from the calculations.

2 .TCLP Semivolatile Organic results for sample R8B-IC-01 are excluded from the calculations.

Notes:
B  Analyte also detected in the associated method blank. ‘
J  Compound's concentration is estimated. Mass spectral data lndlcate the presence of a compound that meets

the identification criteria for which the result is less than the laboratory detectlon limit, but greater than zero.

NA Not Applicable. :




. 3.4.3 Iéomerizat‘ion Treating Clay o B
3.4.3.1  Descripion

Not all facilities with isomerization units use "tredting clay," or adsorbents.
However, solid adsorbents-can be used in three places in the isomerization process:

o _Hydrocarbon feed purificati'on.' Processes using ‘~p1ati1iﬁni chloride catalysts
" require a purified feed. Both spent molecular sieve (for drying) and spent '
metal-alumina (for sulfur removal) are generated. ' T o

e Hydrogen' feed purifi'caﬁon. Processcs‘ using platinum chloride catalysts
require dry hydrogen gas.  Spent molecular sieve is generated.

o Paraffin separation of the feed or pi'oduct;/ Various types of pfocesses use
' adsorbents for paraffin separation. ‘Molecular sieve is the most common ‘
‘adsorbent for this application. ‘ ‘

All of these adsorbents go through adsorption/desorption cycles. Over time, the adsorbent
loses its capacity or efficiency and is removed from the vessel and replaced with fresh

~ adsorbent. Prior to removal, the vessel ¢an be swept to remove light hydrocarbons and

* hydrogen sulfidé from the vessel. Typically, processes use adsorbent beds in parallel so that
one bed-can be on-line (adsorption mode) while the second is off-line for desorption or
replacement.. ' R ‘ '

'3.4.3.2 Generation and Management

- When ‘spent, adsorbents from isomerization are vacuumed or gravity dumped from the
vessels. Interim storage can include 55-gallon drums, flow-bins, dumpsters, or piles. The
- frequency of generation is highly dependent on the generating process: isomerization
adsorbents are typically generated approximately every 5 years, while extraction clay is
typically generated once per year or less. According to questionnaire results, 6 facilities -~
reported classifying 39.5 MT of this residual as RCRA ‘hazardous in 1992 (most typically as
D018, D001, and D006).° This is consistent with reporting for other years. ’

, Twenty-two facilities reported generating a total quantity of approximatély' 597 MT of
this residual in 1992, according to the 1992 RCRA §3007 Questionnaire. The questionnaire -
reported that 65 facilities have isomerization units. However, not all of these facilities use
clay, molecular sieve, or other adsorbents in their process; 25 percent of facilities with
isomerization units did not report generating any clay residual for their process in any year,
indicating either that clay is either not used, has not yet been replaced, or is generated so

- infrequently that respondents could not recall when, if ever, the clay was last replaced. In
addition, these adsorbents may be replaced less often than once per year or not in 1992,

These percerimges do not match up directly with any one of the management scenarios because the number of streams and the volume
are a combination of several management scenarios (i.e., Subtitle C landfill, transfer for metals reclamation, etc.). -
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particularly those asgociated with the isomerization process. However, there was no reason
to expect that 1992 would not be a typical year with regard to this residual’s generation and -
management. ‘ » ' :

Residuals were assigned to be “spent clay from isomerization" if they were assigned a .
residual identification code of "spent sorbent” and were generated from a process identified
as an jsomerization or extraction unit. These correspond to residual code 07 in Section
VIL.A of the questionnaire and process code 10 in Section IV.C of the questionnaire. Table
3.4.5 provides a description of the 1992 management practices, quantity generated, number
of streams reported, number of streams not reporting volumes .(data requested was '

unavailable and facilities were not required to generate it), total and average volumes.

Table 3.4.5. Generation Statistics for Treating C!ay from Isomeriiati_on, 1992
Final Maragement ' # of # of Streams v/ Total Volume , Average
Streams | unreported volume oT) . Volume (MT)
Disposal in offsite Subtitie D landfil 14 ‘ 0 202 144
Disposal in offsite Subtille C landfil 6 0 w0 | 23
Disposal in onsite Subtitle C landfill 1 0 s .| 18
Disposal in onsite Subtille D landfill 2 0 46.8 . 234
Other discharge or disposal offsite: broker 2 0 4 7
Other recycling, or reuse: cement plant - 2. 0 2.5 1.25
Other recycling, or reuse: onsite road material 4 0 138 L '34.5
Storage in pile 7 0 19.9 ‘ 2.8
Transfer metal catalysi for reclamation of 5 0 15 | 3
regeneration ‘
TOTAL 43 0 596 1 s

3.4.3.3 Plausible Management

EPA believes that most of the plausible management practices for this residual were
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3.4.5. The
Agency gathered information from other years but no additional management practices were
reported for this residual. In addition, EPA compared the management practice reported for
isomerization treating clay to those reported for treating clays from extraction, alkylation,
and lube oil'® based on expected similarities. Land treatment was reported: for these other
types of treating clays, therefore it is likely that land treatment is a plausible management
practice for clays from isomerization. : . 4

EPA did not compare these management practices to those reported ‘for the broader category of “treating clay from clay filtering”
due to the diverse types of materials included in this miscellaneous category. ' v
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- 3.4.34 . Characterization

‘Two soﬁrces of residual characterization were developed during the industry study:

. Table 3.4.6 summéﬂzes the physical propérties of the spent adsbrbg:nts as
_ reported in S;action VIL.A of the §3007 survey. ,

e - One record sample of spent adsorbents from isomerization were collected and

' analyzed by EPA. . The isomerization treating clay was categorized with the
extraction clay in the consent decree, therefore, the sampling information is’
summarized with the extraction clay in Table 3.5.4. :

The one record sample was analyzed for total and TCLP levels of volatiles,
semivolatiles, and metals; and ignitability. The sample was not found to exhibit a hazardous
waste characteristic. A summary of the results is presented in Table 3.5.4. Only
constituents detected .in at least one sample are shown in this table. '

-

Table 3.4.6. Treating Clay from Isomerization: Physical Properties
) L #of |  #of | Iom% S0 % | 90tk %
Properties | Values Un‘:ea;:szmd :
pH 37 7 5.9 7 94 .
Reactive CN, ppm 22 36 0 1 10
Reactive S, ppm 27 81 0 1 100
Flash Point, °C 20 88 19.17 60 131.7
0il and Grease, vol% 20 85 0 0.75 LS
|| Total Organic Carbon, vol% 18 87 0 018 2
Specific Gravity 31 77 0.8 1z |22
Agqueous Liquid, %. . 50 58 0 0 35 . .
Organic Liquid, % 51 57 0 0 0.1
Solid, % . 75 '33 975 100 100
. Particle > 60 mm, % 2 36 .0 9 100
Particle 1-60 mm, % 32 76 0 100 100
Particle 100 ym-1 mm, % 23. s 0. 0 7.5
Particle 10-100 pm, % 20 88 0 0 0
Particle <10 um, % 20 88 0 -0 0
 Median Particle Diameter, microns 9 98 .0 2 3000 -

1

3

Facilities were not required to do

data or engineering judgement.

 Petroleum Refining Industry Study ,
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additional testing, therefore information provided was based on previously collected
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Table 3.4.7. Isomerization Spent Sorbent Record Séu_npiing Locations » l
R23B-Ci—_01 Chevron, Salt Lake City Moleéular ‘sieve, drying butane feed .
UT . ’ prior to isomerization

Sample number Description

3.43.5 Source Reduction

Treating' clay for isomerization is generally used as a method of prolonging the life of
the catalyst or for product polishing. Because they are used as a source reduction technique
for other residuals, no source reduction methods for the clays were found. L
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3.5 EXTRACTION

Extraction processes separate more valuable chemiical mlxtures from a mixed aromatic
- and paraffinic stream: At refineries, -extraction processes most commonly fall into two types:
(1) "heavy end" extraction, commonly used in lube oil manufacture and deasphalting
operations to upgrade and further process gas oils, and (2) gasoline component extraction,
‘commonly used to separate some of the more valuable aromatics from naphtha "Heavy
~end” extraction is discussed with other residual upgradmg technologies in Section 3.8 of this
document. The gasoline component extraction processes are discussed here..

3.5.1 Extraction Process Description '

Thirty facilities reported usmg gasoline component extraction processes in their
refineries.. By far the most common type of gasoline component extraction process.
conducted at refineries, according to the RCRA §3007 questlonnalre is the recovery of

* benzene, toluene, and mixed xylenes from reformate (i.e., the product from a catalytic

- réforming unit) for sales or further processing. Most extraction units actually consist of two -
sections in series: an extraction section, which separates aromatics from non-aromatics using
continuous liquid-liquid extraction, and a distillation section, which separates the various

“aromatic’ compounds from each other in a series of fractionation towers.
depicts a generic extractlon process flow dlagram

Raffmate

| Ce-Cs Feed \

Extract

" Extraction
Chamber

_Stripper -
Column

-

Solvent

- Clay

Fractionation

.

Column _

Flgure 3.5.1

)

—%" Benzene

——— Toluene

Figure 3.5.1. Extraction Process Flow Diagram

——> Xylene

In the extraction section, the charge is countercurrently contacted wrth a solvent The
solvent is most commonly sulfolane, C,H,SO,, or tetraethylene glycol,
O(CH,CH,0CH,CH,0H),, although a small number of facilities use diglycol amine,

" O(CCO)CCN. The raffinate is separated from the aromatic-rich solvent in a tower. The
aromatic-poor.raffinate is water-washed to remove solvent and used elsewhere. in the
refinery. The aromatic-rich extract is also water-washed to remove solvent and the aromatlcs
sent to the distillation section for separation into benzene, toluene, and xylenes.

v " Petroleum Refining Industry Study
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In the distillation section, the aromatic extract is distilled to remove benzene from the
top of the column; the bottoms are sent to the next column. In successive columns, toluene
and finally xylene are removed. The bottoms from the xylene tower (C, aromatics) are sent
to gasoline blending. Some facilities omit the distillation section altogether, using their
extraction unit simply to produce low and high octane blending stocks.

To decrease the unit’s loading, the feed can be separated prior to extraction so that
only the most desirable fractions, such as Cg to Cg, are upgraded. This eliminates a final
distillation step and eliminates a heavy aromatic stream as a product from' the benzene-
toluene-xylene separation. ' ' :

Several other gasoline component extraction processes are each reported by only 1 or
2 refineries in the industry. Other refineries may use these processes,’ but did not report
them because of their resemblance to petrochemical operations of solvent. manufacture, etc.,
which some refineries considered out of the survey scope. Asa result, the database may not
accurately reflect the incidence of these processes. These processes are as follows:

o ‘The UOP Parex process separates p-xylene from mixed C, aromatics. C, feed
is injected countercurrently to a bed of solid adsorbent, which adsorbs p- -
xylene. The bed is then desorbed and the p-xylene is recovered in the extract
for use in petrochemical production. This process is typically associated with
a xylene isomerization process (Meyers, 1986). ' This arrangement differs from
the overwhelming majority of extraction processes, which are associated with
reforming processes. . : :

. The Union Carbide IsoSiv process separates normal C,-C; paraffins from the
other branched and ring compounds present in light straight run. In this
‘process, - the paraffins are adsorbed onto a fixed bed of molecular sieve. The
paraffins are desorbed and used as petrochemical feedstock, solvents, etc.,
while the branched and ring compounds are used for gasoline blending . -

(Meyers, 1986).

. One facility uses a process similar to the gasoline component extraction
process described.above, but with a slightly heavier feed.

. Heavy naphtha is fed to a fixed bed of silica gel. Aromatics are adsorbed .
while paraffins pass through. When saturated, the bed is desorbed with
benzene and the product distilled to form various solvents. No other
adsorbents are used in the process. '
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3.5.2 Extraction Treating Clay“
3.5.2.1. ‘Description .

Wastes generated from the reformate extraction processes 1nc1ude the followmg

. "Fuel side:" - Treating clay is used to remove unpuntres from the hydrocarbon
following extraction; the most common application is the filtering of the
aromatic fraction prior to benzene distillation (to keep impurities out of the
downstream fractions), although a small number of facilities use the clay to
filter the benzene product stream only. The purpose of the clay is to remove
“olefins, suspended solids, and trace amount of solvent by a combination of
adsorption and catalytic processes. A few facilities also treat the raffinate .
(non-aromatic) stream with clay. Many facilities did not report a clay treating
step anywhere in their reformate extraction process.. For these facilities, clay
treating 1s ev1dently not requ1red to achieve the target product hm1ts

o . "Solvent side:" Vanous treatment methods are used to remove impurities such .
~ as polymers and salts from the lean solvent. A slip stream of lean solvent is
processed using ion-exchange, sock filters, carbon adsorption, or regeneration.
This is similar to the methods used to treat amine in sulfur-removal systems.
An mtermrttent stream of spent solvent can sometimes be generated ’

Only the "fuel s1de“ residuals are drscussed and evaluated in Sectlon 3.4.4. The" solvent
side" residuals are generally classified as miscellaneous sludges in the database and their’
volumes were not tabulated in Table 3.4.5 (below) :

As stated above, reformate extractron is the most common type of gasolme component .
extraction process, but the small number of other processes also generate spent adsorbents.
These processes are unlike reformate extraction because the adsorbent is used for aromatic
separation (in reformate extraction, clay treatment occurs followmg aromatic extraction). In
these processes, spent adsorbent is also periodically generated although generally less

- frequently so than in the reformate extraction process. These materials were included in the
statrst1cs presented in Table 3 4.4, ' :

3522 ' Generatlon and Management‘ o T )

‘When spent adsorbents from extract1on are vacuumed or grav1ty dumped from the :
vessels. Interim storage can include 55-gallon drums, flow-bins, dumpsters or plles "The
frequency of generation is highly dependent on the generatlng process: extracuon clay is
typically genérateéd once per year or less. According to questionnaire results, 2 facilities
reported classifying 81.3 MT of this residual as RCRA hazardous in 1992 (as D018) 1

. This is consistent with reporting for other years.

These percentages do not match up directly with any one of the management scenarios because the number of streams and the volume
are a combination of several management scenarios (i.e., Subtitle C landfill, transfer for metals reclamation, etc.).
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Fifteen facilities reported generating a total quantity of approximately 1900 MT of
this residual in 1992, according to the 1992 RCRA §3007 Questionnaire. The questionnaire
reported that 30 facilities have extraction units. However, not all of these facilities use clay,
molecular sieve, or other adsorbents in their process; 33 percent of facilities with extraction
units did not report generating any clay residual for their process in any year, indicating
either that clay is either not used, has not yet bee replaced, or is generated so infrequently
that respondents could not recall when, if ever, the clay was last replaced. However, there
was no reason to expect that 1992 would not be a typical year with regard to this residual’s
generation and management. Extraction clays are generated more frequently and in greater
quantity than isomerization clays.

Residuals were assigned to be "spent clay from extraction" if they were assigned a
residual identification code of "spent sorbent" and were generated from a process identified . -
as an isomerization or extraction unit. These correspond to residual code 07 in Section
VIIL.A and process codes 12 in Section IV.C of the survey. Table 3. 5.1 provides-a
description of the 1992 management practices, quantity generated, number of streams report-
ed, number of streams not reporting volumes (data requested was unavailable and facilities
were not required to generate it), total and average volume;

" Table 3.5.1. Generation Statistics for'Tr.eating Clay from TExtracd:'ion, 1992
Fingl Management o #of | #&ofStreamsw/ | Total Volume Average
: Streams | unreported volume oT). - | Volume (MI)
Disposal in offsite Subtitle D landfill ( 10 0 734.8 ) 88.4
| Disposal in offsite Subtitle C landfill 4 0 376.3 ‘ 94
Disposal in onsite Subtitle C zandﬁ.rz 1 1 0 40 40
Disposal in onsite Subtitle D landfill 2 - 0 448.8 224.4
Onsite land treatment 3 0 231 78
Other recycling, or reuse: cement plant . R , 0 26 : " 26
Transfer metal catalyst for reclamation or 1 0 18 ' 18
regeneration ‘ . ) :
TOTAL 2 | 0 1875 | . 852
3.5.2.3 Plausible Management

EPA believes that most of the plau51ble management- practlces for th1s residual were
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3.5.1. The
Agency gathered information suggesting that "offsite land treatment” (95 MT) was used in
other years. This practice is comparable to the practice reported for 1992 (i.e., onsite land .
treatment). In addition, EPA compared the management practice reported for extraction
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treatmg clay to those reported for treating clays from 1somenzatlon alkylatlon and lube
- 0il'? based on expected snmlantles No.additional management practices were reported

;

t

35.2.4 Characterization

,  Two sources of residual chaiacte‘rizatiOn were developed during the‘industry study:'

L Table 3.5.2 summanzes the physmal properties of the spent adsorbents as.

, 'reported in Sectlon VII.A of the §3007 survey.

,5 " One record sample of spent adsorbents. from extraction was collected and
analyzed by EPA. The samphng information i is summanzed in Table 3.5.3.

. The record sample was analyzed for total and TCLP levels of volatiles, sem1volat11es ;
and metals, and 1gmtab111ty It was not.found to exhibit a hazardous waste characteristic. A‘

" summary of the resuilts is presented in Table 3.5.4. 'Only constituents detected in at least one
sample are shown in this table. This residual was categorized with isomerization clay in the’
consent decree, and the charactenzatlon mformatron for both resxduals is presented in Table

3.54.
Tabie 3.5.2. Treating Clay from Extraction: Physical Properties
, | #of #of . 10t % S0m% | 90h %

Properties Values Uw o

pH i 12 17 4.28 6.65 7.5
Reactive CN,' ppm 14 15 0 0.5 250
Reactive S, ppm’ 13 16 -0 1 100
Flash Point, °C 10 7 37.78 71.1 96.1
0il and Grease, vol% 6 23 0 085 1
Total Organic Carbon, vol% 5 24 0 0.34 100
Specific Gravity 9 20 0.9 1 2
qureous‘Liqu’id, % 20 9 0 0 11
Organic Liguid, % 19 10 . 0 0 1
Solid, % , 25" 4. 98 100 100
Particle >60 mm, % 10 19 0 0. 100
Particle 1-60 mm, % g 18 0 85 100
Particle 100 gm-1 mm, % 9 20 0 0 20

EPA did not compare these management practlces to those reported for the broader category of “treating clay from clay ﬁltermg

dueto t.he diverse types of materials mcluded in this miscellaneous category
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Table 3.5.2. Treating Clay from Extraction: Physical Properties
#of fof 100k %. 50tk % 90tk % -
Properties Values - Umﬂd '
Particle 10-100 pm, % 8 21 0 0 20 -
Particle <10 pm, % 9 20" 0 0 100
Meéian Paﬂiéle Diameter, microns : 1 28 10 10 10

! Facilities were not required to do additional testing, therefore mformatwn provrded was based on prekusly collected
data or engineering judgement. :

I Table 3.5.3. Extraction Spent Sorbent Rec_drd Sampling Locafions

Description

Clay from aromatic extraction unit .
(reformate feed) . ‘

| Sample number

Amoco, Texas City, TX

R3D-CI-01

3.5 2.5 Source Reduction

7
A}

Treating clay for extraction is generally used as a method of prolonging the life of the
catalyst or for product polishing. Because they are used as a source reduction technique for
other residuals, no source reduction methods for the clays were found.

August 1996 '
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Table 3.5.4. 'Residual Characterization Data for -
‘Spent Treating Clay from Extmctionllsomeﬁzation‘

o ‘Volatile Organics - Method 8260A ug/kg . o
) CAS No. . ‘R8D-CI-01 R23B-CI-01.  Average Conc Maximum Conc Comments

" Acetone. _ 67641 < 800 .- 940,000/ - 470,300 -840,000
‘Benzene - 71432| - 2,500| < 62,500 2,500| 2,500 M
Isopropylbenzene T : 98828 J. - - 650j<  62500{ . .650 : 650 1
Toluene | 108883 ~ .  36,000] < 62,500 36,000 . 36,000 1
Naphthalene R 91203] < 600} J 29,000 14,800 -+ 29,000
TCLP Volatile Organics - Methods 1311 and 8260A yug/L - . :
. ‘ : - CAS No. . R8D-CI-01 R23B-CI-01 Average Conc Maximum Conc Comments
Acetone . 67641 S 120 32,0000 = 18,060 32,000| - ‘
Benzene | C T1432) < ‘ 50| J° - 45 45 48 1
4-Methyl-2-pentanone 108101| < 50 - 6100 . 3,075) 6,100) -
- Methy! ethyl ketone 78933 < - 50 3,800] - 1,825 .. 3,800
Toluene - . ’ 108883 < ‘50 S 110 - .80 : 110
_1,2,4-Tﬁmethylbengene i . 95636| < . 50 N - 250 ' 150 250
1,3,5-Trimethylbenzene . 95478 < s0f . . 630 o 340( . 630
m,p-Xylene . 1083837108423 < 50|J - . 62 ) 56| .62 _
Naphthalene 91203 < 50/J:, - 30 30 . 30 1
- Semivolatile Organics - Method 8270B pa/kg . o ‘
‘ ‘ ‘ CAS No. R8D-Cl—01 R23B-CI-01  Average Conc Maximum Conc . Comments
Fluoranthene - : 206440 J 130} < - 165} . : 130 - 130} 1
Fluorene ' _ 86737| < 165| J 220 193 220
Isophorone ] B : 78591} <. 165 . . 130,000 . 65,083 - 130,000
2,4-Dimethyiphenol - _ 105679 < 165] J 2,800 ¢ 1,483 2,800
3/4-Methylphenol , NA < 165] J - 150 150 © 150 1
Naphthalene - Lo D91203f g © 280f< ¢ 165 . - 223 . 280
1-Methyinaphthalene 901201 4 - 220]y 650 " 435 - © 650
2-Methylnaphthalene - ’ 91576 - 5201 J 310 4151 520
TCLP Semlvolatlle Organics - Methods 1311 and 8270B ug/kg . : o
‘ : *  CAS No. R8D-CI-01 R23B-Cl-01 Average Conc Maximum Conc Comments
Isophorone - 78591 < 50 -~ 7,300 - 3875 , 7,300
2-Methylphenol : il 95487 < s0j4 = 34 - 34 34 1
3/4-Methylphenoi (total)- NA o< 50| J 99 ; - 75 ' 99
. [Total Metals - Methods 6010 7060, 7421 7470 7471, and 7841 mgikg : )
' ' CAS No. R8D-CI-01. R23B-Cl-01 Average Conc Maximum Conc ~ Comments
Aluminum * ) . 7429805 - 8,300 _ 110,000| , 59,150 . - 110,000
Barium : . 7440393} 250 < . 20.0 135 250
Caleum - = ’ - 7440702 ‘ .4,700 . 14,500 ' 4600 . 4700]-
Chromium S 7440473 < : 1.00 14.0 ' 7.50 14.0
Iron B ’ 7439896 ‘ 1,800 : . 3,000 © 2,400 .- 3,000
 Lead o : 7439921 " 130 1.60 7.30 13.0
Magnesium - 7439954 4300 . - 9600 . 6,850 : 9,600
Manganese - | 7439965 .. 350f - 43.0{. 197 . 350
" Potassium- ) 7440097 < - 500 i 1,300 . - 900 1,300
- Sedium - 7440235 <. | 500 . 81,000 40,750 81,000
Vanadium . 7440622 ! - 20.0 . 100 15.0 . 20.0
Zinc ' ‘ . 7440666 . 8.80 -28.0{ 184 280
TCLP Metals - Methods 1311, 6010, 7060 7421, 7470, 7471 and 7841 mg/l .
. : - - CAS No. R8D-CI-01 R23B-CI-01 Average Conc Maximum Conc ~~ Comments
Aluminum ‘ ©. 7429805 < 1.00 To17.01 9.00) 17.0 . ‘
Calcium . ‘ 7440702 o 180|l< 250 925 © . 160.0
iron . ‘ : 7439896 . 180/ . 130] - 9e5] . 180
Lead . .. 7439921 0.04| < | 0.015 . 003 ‘ 0.04
Magnesium - i ' 7439954 820 - .50.0 - 66.0) 820
Mangane’se ‘ 7439965 | . 120{< . . 008 (804 . 120
Comments : )
" 1 Detection limits greater than the- -highest detected concentratlon are excluded from the calculations.
. Notes: .

B Analyte also detected in the associated method blank.
C Compound's concentration is-estimated. ‘Mass spectral data indicate the-presence of a compound that meets the ldentlf catlon
criteria for which the result is less than' the laboratory detectlon limit, but greater than zero. . .
"ND  Not Detected.
NA  Net' Applicable.




3.6 ALKYLATION

The petroleum refining industry uses both hydrofluoric.and sulfuric acid catalyzed
alkylation processes to form high octane products. DOE reported that 103 facilities operated
almost 1.1 million BPSD of alkylation capacity; 49 facilities used sulfuric acid and 59 used
HF. While the general chemistry of these processes is the same, the HF process. includes a
closed loop and integral recycling step for the HF acid, while the sulfuric acid process’
requires a separate acid regeneration process, which generally occurs off site.. Study
residuals are generated from both alkylation processes. .

3.6.1 Sulfuric Acid Alkylation Process Description

In the sulfuric acid alkylation process, olefin and isobutane gases are contacted over
concentrated sulfuric acid (H,SO,) catalyst to synthesize alkylates for octane-boosting. The
. reaction products are separated by distillation and scrubbed with caustic. Alkylate product
has a Research Octane Number in the range of 92 to 99 Figure 3.6.1 provxdes a generic
process flow diagram for H,SO, alkylation.

Cracked Gas ‘ ‘ - ‘ —
> : » Acid : _
1 Reactor  |Separator > i
Isobutane > , 1Y o
—_— o ‘ o
3 P Recycled Acid | Spent T
: ' Acid :
Propa;le
Isobutane é
5+
=
1 ,
U : .
Make-up n-Butane “ £ - ‘tipent Acid
’ ime "’
camiyst. : ' : . - Neutralization
- L ~ T} Pt '
Alkylate - Water to ; l NEUUéllZahQn
’ Sludge

WWTP =~
Figure 3.6.1. sto4 Alkylatlon Process Flow Dlagram :

The olefin stream is mixed with 1sobutane and H,SO, in the reactor. To prevent
polymerization and to obtain a higher quality yield, temperatures for the H,SO, catalyzed
reaction are kept between 40 and 50°F (McKetta, 1992). Since the reactions are carried out
below atmospheric temperatures during most of the year, refrigeration is required. Pressures
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are maintained so all reaction streams are in their liquid form. The strearns are mixed well
during their l'ong. residence time in the reactor to allow optimum reaction to occur.

. The hydrocarbon/acrd mixture then moves to.the acid separator ‘where 1t is allowed to
settle and separate. The hydrocarbons are drawn off the top and sent to a caustic wash to
neutralize any remaining trace acid. The acid is drawn from the bottom and recycled back to
the reactor. A portlon of the acid catalyst is continuously bled and replaced with fresh acid
to maintain the reactor’s acid concentration at around 90 percent. This spent H,SO, was a
hstmg resrdual of concern.

In the fractlonator the hydrocarbon streams are separated into the alkylate and
saturated gases. The isobutane is recycled back into the reactor as feed. Light end products
may be filtered with sorbents to remove trace H,S0, acid, caustic or water. The sorbents
(e.g., treating clays) are study residuals of concern. :

Some facﬂmes have neutrahzatlon tanks (m and above ground), referred to as p1ts,
which neutralxze spent caustic and any acid generated from spills prior to discharge to the
WWTP, servmg as surge tanks. Neutralizing agents (sodium, calcium, potassium .

. hydroxrdes) are selected by the refineries. If necessary, the influent to the pit is peutralized
and, dependmg on the neutralizing agent, the precipitated salts form a sludge. This sludge
was also a hstmg residual of concern. Sludge may also be generated in process line junction
boxes, in the spent H,SO, holding tank; and during turnaround. However, dueto the .
aqueous solubility of sodium, calcium, and potassium sulfates, sludge generation rates are

. relatively low and the majority of neutrahzatlon salts (e g., sodium sulfate) are solubilized -
and dlscharged to the WWTP.. - . : :

3. 6 2 Hydrofluorlc Acid A]kylatron Process Descrlptlon

L Hydroﬂuonc acid a]kylatlon is very similar to the H,SO, alkylatlon process " In the
hydrofluoric acid alkylation process, olefin and isobutane gases are contacted over
hydrofluoric acid (HF) catalyst.to synthesize alkylates for octane—boostmg The reaction
products are separated by distillation and scrubbed with caustic. Alkylate product has a
~ research octane number (RON) in the range of 92 to 99. Because it is clean burning and
contributes to reduced emissions, alkylate is a highly valued component in premium and
reformulated gasolines. The HF process differs from the H,SO, alkylation in that the HF
catalyst is managed in a closed-loop process, never leaving the unit for replacement or -
regeneratlon Flgure 3.6. 2 prov1des a genenc process flow dragram for HF alkylatlon

‘The olefin stream is mixed ‘with the 1sobutane and HF in the reactor. To prevent
polymerization and to. receive a higher quality y1e1d temperatures for the HF catalyzed
reaction are maintained at approx1mately 100°F. .Pressures are kept so all reaction streams
are_in their thId form (usually 85 to 120 psi).- The streams are mlxed well in the reactor to
allow optimum reactlon to occur.

The hydrocarbon/acid mixture then moves to the settler, Where it is allowed to settle
and phase separate. The hydrocarbons are drawn off the top and sent to a fractronator The
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acid is drawn from the bottom and recycled back to the reactor. A slip stream of acid is sent
to an acid regenerator where distillation separates the HF acid from by-product contaminants.
The HF acid from the regenerator is recycled back to the reactor. Fresh acid is added to re-
place acid losses at a rate of about 500 pounds per day per 5,000 BPSD alkylatlon unit
capacity (a small to medium size unit). . -

HF Acid

* I . o B - C3/C4
A L e B e
7~ . 1=} . I~
= =z F
1 e
C o -] . Spent
: Settler ‘ oy Caustic
v @ :
Feed | & l Acid | . Alkylate
) o Storage
o i ‘
-4 P
. S '
. E Acid
» 2 E ASO - ( Decant - Soluble
AcdRetum ™ 2gaqg 1 < :’.P - . Vessel ‘ il
Catalyst - &2 Toam 1
+  SHp Stream ASO : CBM : # v
Lime Y : . Water to
i WWTP
. ) . bt . Neutralization .
Spills and Equipment Drams’ : ' e
, Neutralization
_ /Sludge '

Figure 3.6.2. HF Alkylatlon Process Flow Dlagram

A residual of high molecular-weight reactlon by-products dlssolves in the HF acid
catalyst and lowers its effectiveness. To maintain the catalyst activity, a slip stream of
catalyst is distilled, leaving the by-product, acid soluble oil (ASO), as a residue. The ASO is
charged to a decanting vessel where an aqueous phase settles out. - The aqueous phase, an
azeotropic mixture of HF acid and water, is referred to as constant boiling mixture (CBM).
The ASO is scrubbed with potassium hydroxide (KOH) to remove trace amounts of HF and
either recycled, sold as product (e.g., residual fuel), or burned in the unit’s boiler. The
CBM is sent to the neutralization tank. In some cases, the ASO from the regenerator is sent
directly to the neutralization tank The ASO is a residual of concern for the petroleum

refining study.

A series of fractionators distills the product streams from the reactor into the alkylate,
saturated gases, and HF acid. Isobutane and HF are recycled back into the reactor as feed.

The main fractionator overhead is charged to the depropamzer and debutanizer, where
high-purity propane and butane are produced The propane and butane are then passed
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R through the alumina treater for.HF removal. Once catalytically defluorinated, they are’
KOH-treated and sent to LPG storage. S S o ‘

As HF is neutralized by aqueous KOH, soluble potassium fluoride (KF) is produced

. and the caustic is eventually depleted. Some facilities employ KOH regeneration. -

Periodically some of the KF-containing neutralizing solution is withdrawn to the KOH
regenerator. In this vessel KF reacts with a lime slurry to produce insoluble calcium fluoride

(CaF,) and thereby regenetates KF to KOH. The regenerated KOH is then returned to the
system, and the solid CaF, is routed to the neutralizing tank. The KF, at facilities that do
~ not have a regenerator, is sent directly to the neutralizing tank, where it is reacted with lime

to form a sludge. -

Spent caustic, KOH scrubbers, acidic waters from acid sewers and, in some cases,
~ CBM are charged to in-ground neutralization tanks (referred to by industry as pits), which
neutralize effluent to the WWTP.  Neutralizing controls fluoride levels to the WWTP. .
" Neutralizing agents (sodium, calcium, and potassium hydroxide) are selected based on the
refineries’ WWTP permits. Effluent to the pit is neutralized, generally with lime, which
forms a sludge (calcium fluoride) that collects on the bottom of the tank. This sludge was a
listing residual of concem. : - ' ‘

" HF acid is an extremely corrosive and toxic chemical. Refineries go to great lengths )
to protect their personnel from HF contact. Prior to entrance to an HF alkylation unit,
personnel must have special training and wear various levels of personal protective clothing -
' (depénding upon the work to be performed). The unit is generally cordoned off and marked
as an HF hazard area. Valves, flanges, and any place where leaks can occur are painted
with a special paint that will change colors when contacted with HF. The units are '
continuously monitored and alarms are activated if an HF leak is detected.

Pet;'oleum Refining Klndustr)J' Study e 69 ‘ S ’ ' August 1996



3.6.3 Spent Treating Clay from Alkylation
3.6.3.1 Description

Treating clay from alkylation predominantly includes (1) molecular sieves used for
drying feed and (2) alumina used for removing fluorinated compounds from the product.
Both are applications in HF alkylation; clays are little used in sulfuric acid alkylation.
Specifically, the industry reported 83 treating clay residuals from alkylation in 1992,
accounting for 2,890 metric tons of residuals. Only 7 of these residuals (143 metric tons)
were from sulfuric acid alkylation processes. ' o i

After fractionation, products may'be passed through a filter filled with sorbents
(referred to as treating clay) to remove trace amounts of acid, caustic, or water. Sorbents -
typically used in this service include alumina, ‘molecular sieve, sand, and salt. '

Treating clay becomes spent when breakthrough of H,SO, or HF acid, caustic; or
water occurs. Depending on the type of clay and the type of service, breakthrough can occur
anywhere between 2 months and 5 years (e.g., alumina in HF service is typically 2 months
and salt treaters can be as-long as 5 years). Prior to removal the clay may undergo one of
the following in situ treatments: ' S -

Nitrogen sweep
Propane sweep.
Steam stripping
Methane sweep

t

Following removal, the spent clay is placed in closed containers and is typically sent
to an offsite landfill. Certain types of treating clay, such as alumina, are more amenable to
recycling and may be sent offsite to a smelter or a cement kiln to be used as process feeds.

In 1992, less than 2 percént of the volume of spent treating clay from alkylation was .
managed as hazardous, with one residual reported to be-D004, and three others reported
generically to be managed as hazardous (i.e., no specific codes were reported B

3.6.3.2 Generation and Management

The RCRA §3007 Survey responses indicated 2,895 MT of spent treating clay were -
generated in 1992. Residuals were assigned to be "treating clay from alkylation" if they
were assigned a residual identification code of "spent sorbent" and was generated froma
process identified as a sulfuric acid or HF alkylation unit. -This corresponds to residual code
Q7" in Section VII.1 and process codes "09-A" or "09-B" in Section IV-1.C of the -
questionnaire. Due to the frequent generation of this residual, not all 103 facilities generated
spent treating clay in 1992. However, there was no reason to expect that 1992 would not be

These percentages do not match up directly with any one of the management scenarios because the number of streams and the volume
are & combination of several management scenarios (i.e., managed in WWTP, Subtitle C landfill, transfer to offsite entity, etc.).
. v [ > vl . .

3
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a typical year with regard to this residual’s generation and management. Table 3.6.1
provides a desctiption. of the total quantity generated, number of streams not reporting
volumes (data requested was.unavailable and facilities were not required to generate it), total

and average volumes.

Table 3.6.1. 'Gehex_jationfStatiStics for Ti'eating Clay ffom A‘lkylation,. 1992
Final Management | #of | #ofStreamsw/ | Total Volumé |  Average

o - Streams | unreported volume. MT) Volume (MT)
Disposal in offsite Subtille D landfill 28 - 2 ey | 22.6
Disposal in offsite Subtidle C landfill : 4 1 23.9 6
Disposal in onsite Subtitle C landfill 3 0 67.0 223
Disposal in onsite Subtitle D landfil 18 0 626.3 ' 34.8
Di'sposal m onsite wastewater ti'eatmer;t Sacility ' 0 . 2 - -
'Onsite land treatment J 4 - 0 l 592 14.8
Other recyclmg; or reuse: qemént plant -4 0 ' 770.5 i5ﬁ.1 l
Other recycliné, o;rv reuse: onsite rgaé material | 1 0 ~ 3.6 3.6 '
Storag‘erin' pile " 6 0 - 30.0 5.0
Transfer to offsite entity: alumina manufocturer,| 15 0. 6304 454
smelter, or other unspgciﬁed recycle :
TOTAL | s 5 2,894.6. 34.9

3:.76.3.3 . ‘Plausible Mahagem’ént

t

reported in the 1992 RCRA §3007 Survey,
Agency gathered information suggesting other

EPA believes that most of the plausible management practices for this residual were
as summarized above in Table 3.6.1. The
‘management practices have been used in other

years including: “disposal onsite in surface impoundment” (38.4 MT), “other recycling,
reclamation, or reuse: offsite fluoride recovery” (23.6 MT), and “offsite incineration” (3.6

. ‘'have been disposed in a surface impoundment was'
placed in the surface impoundment the year it was closed, suggesting the inert material was
used as fill. The refinery reported the future management of the spent clay would be sent

~ offsite to a cement kiln for reuse. Similarly, the very small volume reported for offsite _
“fluoride recovery was a management practice seen as a trend for fluoride containing residuals
-during the engineering site visits. The very small volume reported for offsite incineration "
are comparable to the 1992 practices for other treating clay residuals (e.g., clay filtering)

. MT). The very small volume reported to

'3.6.3.4 ~ . Characterization

Two sources of residual 'charact_erizatiori were developed during the industry study:
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L Table 3.6.2 summarizes the physical propernes of the alkylatlon sorbents as
reported in Section VIL.A of the §3007 survey. '

. Four record samples of actual treating clay were collected and analyzed by
- EPA. These spent clays are all from HF processes and represent the various
types of spent sorbents typlcally used by the industry as summarized in Table
3.6.3.

The four record samples were analyzed for total and TCLP levels of volatiles,
semivolatiles, metals, fluorides, reactivity and 1gn1tab1hty None of the samples were found
to exhibit any of the hazardous waste characteristics. A summary of the results is presented
in Table 3.6.4. Only constituents detected in at least one sample are shown in this table.

Table 3.6.2. Treating Clay from Alkylation: Physical Properties
#of fof - 10th % 50tk % 90th. % . -

Properties Values Umﬂed
pH 60 ) | 201 | 700 " 9.00
Reactive CN, ppm ' 39 112 0.00 0.25 250.00
Reactive S, ppm B 45 106 000 | 400 | 17000
Flask Point, °C . 43 108 60.00 | 9333 100.00
0il and Grease, vol% ) 43 108 0.00 | b.os .| 100

| Total Organic Carbon, vol% ‘ 25 126 ', . 0.00 : 0.00 ‘ 1.00
Specific Gravity | 54 97 070 | 124 2.24

| Specific Gravity Temperature, °C .27 124 15.00 15.6b 25.00
BIU Content, BTUT 12 - 139 0.00 0.00 500.00

| Aqueous Liquid, % 39 62 | o000 | .00 8.00

| Organic Liguid, % s | 6 0.00 0.00 1.00
Solid, % | 123 28 96.00 100.00 | 100.00
Other, % 77 | o0 0.0 0.00

| Particle >60 mm, % _ a 110 0.00 " 0.00 | 100.00
Particle 1-60 mm, % : 53 98 - . 0.00 © 100.00 zoo.do'
Particle 100 pm-1 mm, % 37 . 114 0.00 10.00 50.00
Particle 10-100 pm, % 38 | - 13 0.00 000 3.00 -
FParticle <10 pm, % 36 115 | 0.00 0.00 ©0.00
Median Particle Diameter, microns 21 130 0.00 1,200.00 9,525.00

" Facilities were not required to do additional testing, therefore information prov1ded was based on previously collected data
or engineering judgement.
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Table 3.6.3. ‘Alkylation Treating Cla); Record Sampling Locations

Sample Number Location S { Description
R3-CA-01 -~ | Exxon, Billings, MT - Alumina propane product treater”
RI5-CA-01 | Total, Ardmore, OK - | Alumina butane product treater’
R21-CA-01 . | Chevron, Pt. Arthur, TX | .| Alumina propane or butane product
. S o N E treater’ : »

R23-CA-01 | .Chevron, Salt Lake City, UT - | Alumina propane product treater”

* HF process

3.6.3.5 Source Reduction

Several solid-acid catalysts used for a]kylatlon are bemg tested i in pllot plants. The
solid-catalyst reactor systems are different from the current liquid-acid systems, but for one
‘solid-catalyst operation, the other process equipment is compatible. ' The three types of new
solid catalyst include aluminum chloride, alumina/zirconium halide, and antimony .

" pentafluoride (a slurry system) It is unclear whether these processes: will generate more or
less treating clays than current processes. Theoretlcally, these processes would not require
filtering for acid and water removal. . : : :

The February 1, 1993 issue of the Oil & Gas Journal reported that Conoco’s Ponca -

“City, Oklahoma refinery sold reclaimed fluorinated alumina to Kaiser Aluminum & Chemical

Corporation’s plant in Mead, Washington.. The fluorinated alumina is substituted for ‘
aluminum ﬂuonde a "bath" chemical used in aluminum manufacturing.

_ At the Ponca City reﬁnery, Conoco uses activated alumma in one of the alkylation
units to extract fluorides from propane and butane products. - In the process, activated v
alumina is converted to aluminum fluoride. Activated alumina reaches the end of its useful -
life when 60-80% of the material is converted to aluminum fluoride. That is when it become -
an addltwe for aluminum manufacturers

Durmg EPA’s site visits, one facility used dlstﬂlatxon to’ dry its feed to the HF a01d
alkylation unit. Most facilities use a molecular sieve treating clay for this step, therefore this
_process configuratlon eliminates the need for molecular sieve infrequently generating an RC.

- Some refineries are experimenting with additives to the HF acid catalyst. The-
purpose of these additives is to reduce the risk from an accidental leak of HF acid to the
atmosphere Although the technology is prmmpa]ly developed in reaction to safety concerns,

it is likely that such additives would be present in some of the study residuals such as acid
- soluble oil.. The 1dent1ty of those add1t1ves were not reported (Ozl and Gas Journal, August
22, 1994). ' : ,
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Acetone

Benzene
sec-Butylbenzene
p-Isopropyitoluene
Methyl ethyl ketone
Toluene
1,2,4-Trimethylbenzene
o-Xylene

m,p-Xylenes
Naphthalene

Acetone

Toluene

Methyl ethyl ketone
. m,p-Xylene

Di-n-butyi phthalate
Phenanthrene

Bis(2-ethylhexyl)phthalate

Aluminum:
Arsenic
-Beryllium
dron ~
Manganese
Sodium
Zinc

Table 3.6.4. Alkylation Treating Clay Characterization

Volatile Organics - Method 8260A pg/kg

CAS No. R3-CA-01 R15-CA-01 R21-CA-01 R23-CA-01  Average Conc Maximum Conc Comments
67641 42,000 680 J 880 13,000 14,140 42,000
714321 J 67| < 25| < 625] < 650 46 67 1
135988 < 625 < 251 J 1,200 < 650 625 1,200
99876| < 625( < 25 J 800 < 650 525 800
78933| < 625 290| < 625 1,300 710 1,300
108883 J 67 < 25| < 625( < 650 - 46 67 1
95636| J 1121 < 25| 2,100| < **650 722 2,100
954761 < 625( < 25 J | 530 < 650 278 530 1

108383/106423 | J 136 < 25 1,300 < 650 528 1,300
91203| < 625| < < 650 600 1,100

25( J 1,100

_[TGLP Volatile drganics -~ Methods 1311 and 8260A pg/L

CAS No. " R3-CA01 R15-CA-01 R21-CA-01 | R23-CA-01  Average Conc Maximum Conc Cominents

67641 1,500 < 50 280 |B 1,100 733 1,500 ,
108883 | JB 1)< 50| < 50| < 50 Ny ") 1
78933| J 95| < 50| 210 © 250 151 250

< 50 < - 580|<

108383 /106423| JB 10 50 10 10 1

Semivolatile Organics - Method 8270B pg/kg : o
CAS No. R3-CA-01 R15-CA-01 R21-CA-01 R23-CA-01  Average Conc’ Maximum Conc Comments

© 84742 < . 165| < 165| J . .200{< - 165 174 - 200 )
85018| < . 185(J 160| < " 165 < 165 160 160 1
TCLP Semivolatile Organics - Methods 1311 and 82708 pg/L , L , | . .
CAS No. R3-CA-01 R15-CA-01 R21-CA-01 R23-CA-01 = Average Conc Maximum Conc Comments

17817 J 10]<  50] < 50| < . 50| - 10| 10| 1

Total Metals - Methods 6010, 7060, 7421, 7470, 7471, and 7841 mg/kg o ‘ - _ B
CASNo. . - R3-CA-01 R15-CA-01 R21-CA-01 R23-CA-01  Average Conc Maximum Conc . Comments

7429905| - 240,000f . 170,000 -~ 210,000 . 240,000 215,000 240,000
7440382 - 26.0 " 13.0] < 50(< . 5.0 " 123 26.0
7440417| 2.20 _ 1.70 -, 200 2.20 2.03 o220
7439896 T 23.0(< 50| < - 50 52.0 21.3 52.0
7439965 | < 15 4.70 6.50 : 6.90 490 - 6.90
7440235 2,200 - 2,000 - 8,000 - 7,700 - 4,975 » 8,000

7440666| 23.0 33.0 400 390 - 338 400/
: . 14 ) : .




Aluminum
Beryllium
Iron
‘Manganese
Zine .

Total Fluorine (mg/kg)

CAS No.

- 7440417
7439896
7439965
7440666

7429905

TREATING CLAY FROM HF ALKYLATION

TCLP Metals - Methods 1311, 6010, 7060, 7421, 7470, 7471, and 7841 mglL. B : -

R3-CA-01 R15-CA-01  R21-CA-01  R23-CA-01 Average Conc Maximum Conc Comments
5,300 1,300 4,100 . 4100} 3,700 - 5,300 -
0.05 -0.025 - 0.025|< - 0.025 - 0031 - 0.050
1.60 .-050} " 1.10 - 1.00 1.05 - 1.60]

< 0.08 - 0.08 , 0.18 0.17 - 0431 0.18
B - 1.10 - 060 B 0.82|B '0.85 - 0.84 " 1.10] -

.‘ll\'liscellaneous Characterization

"~ R3-CA01  R15-CA-01 R21-CA-01  R23-CA-01  Average Conc Maximum Conc Comments
| 39,000] - 4,500] NA NA . 21,750| 39,000 | ‘

- Comments: ' : : .

. Notes:

' NDA Not Deétected.

1 - Detection limits greater than the higheét detected concentration are excluded from the calculations.

B - Analyte also detected in the associated method blank. 3
J  Compound's concentration is estimated. Mass spectral data indicate the presence of a compound that meets
the identification criteria for which the result is less than the laboratory detection limit, but greater than zero.

‘NA Not Applicable. : R




3.6.4 Catalyst from Hydrofluoric Acid Alkylation
3.6.4.1 Description

The consent decree which identifies the residuals to be examined in this study
specified "catalyst from HF alkylation". However, the analysis used to identify the residuals -
of concern in the consent decree contained some flaws and erroneously identified this ;
alkylation catalyst as being generated in significant quantities. Upon further review of the
data used to characterize this residual (derived from EPA’s 1983 survey of the petroleum _
refining industry), it was determined that several large volume residuals were inappropriately
identified as spent catalyst and instead should have been classified as acid soluble oil (ASO).
After adjusting the data to remove these mischaracterized residuals, the remaining residuals
classified as spent HF catalyst accounted for small volumes which are on the order of .
magnitude observed in the Agency’s 1992 data. v ' ‘

» A residual of high molecular-weight reaction by-products dissolves in the HF acid
catalyst and lowers its effectiveness. To maintain catalyst activity, a slip stream of HF acid
is sent to an acid regenerator where distillations separates the HF acid from by-product ‘
contaminants, called acid soluble oil. The HF acid from the regenerators is recycled back to ‘
the reactor. Fresh acid is added to replace acid losses at a rate of about 500 pounds per day-
- depending on unit capacity. :

ASO is charged to a decanting vessel where an aqueous phase settles out. The
aquedus phase, an azeotropic mixture of HF acid and water, is referred to as constant boiling
mixture (CBM). CBM is charged to the neutralization tank which neutralize effluent to the
WWTP. The neutralization sludge was examined in the listing proposal and Background
Document. The effluent from the neutralization tanks are reported to go. to the WWTP. The ’
Agency has no data suggesting that it can be handled in any other way. '

As stated above, HF acid is an ‘extremely corrosive and toxic chemical. " Refineries g0
to great lengths to protect their personnel from coming into direct contact with HF acid. =

3.6.4.2 ‘Generation and Management

The refineries reported generating approximately 152 MT of HF alkylation catalyst in
1992. Residuals were. assigned to be "HF alkylation catalyst" if they were assigned a
residual identification code of "liquid catalyst” and was generated from a process identified
as an HF acid alkylation unit. This corresponds to residual code 03-B in Section VIL.2 of the
questionnaire and process code 09-B in Section IV-1.C of the questionnaire. Table 3.6.5 -
provides a description of the quantity generated, number of streams reported, and number of
unreported volumes. Catalyst from HF alkylation includes spills and removed acid from the
HF alkylation process. ' h
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Table 3.6.5. Generation Statistics for Catalyst fromHF Alkylation, 1992

Final Management | #of | #of Streams w/ Total Volume |  Average
L Streams | unreported volume Mr1) | Volume oM7)
pischarge to WWIP R 0 gs1.94|  s065 )
3.6.4.3 Plausible Management, -
EPA believes that most of the plausible management practices for this residual were '

reported in the 1'“992 RCRA §3007 Survey, as summarized above in Table 3.6:5. No data
were available to the Agency suggesting any other 'managernent practices. -

Clald\iv 2ol

3.’6;4.‘4 ‘ Characterization

. Only one source of residual characterization is available from the industry study,
reflecting the fact that this residual is not generated for management: ‘

e  Table 3.6.6 sumimarizes the phyéical properties of the HF catalyst as ,reported
. - in Section VILA of the §3007 survey. - ' : S

Due to the rareness of the generation of this residﬁal, no ,sémplgs of this residual were
‘ ayailable for collection and analysis during record sampling. ' o - :

Table 3.6.6. Catalyst from HF Alkylation: Physical Properties

| #ef 4 of Unreported | 106% suh% | 90k %
 Properties. | | Values | - Values . al
o IR S 1 200 200 2.00
' Vapor Pregsyre, mm_Hg - 1 2 * 775.00 775.00 | - 775.00
Specific Gravity - 1 2 | reo 00 | 1.00
Aqueous Liguid, % IR o0 | o000 | o000
Organic Liguid, % o 2 1 g0 | eo0 |, o000
Solid, % . o REEI! 1 000 | 0.00 0.00
Other, B0 2 1 100.00 | 10000 100.00

36.4.5  Source Reduction

" As described in the spent treating clay alkylation in Section.3.6.3.4, several solid—aci’dl
~ -catalysts used for alkylation are being tested in pilot plants. The reactor systems are
. different from the current liquid-acid systems, but for-one system the other equipment is
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compatible. Three types of the new solid catalyst include aluminum chloride,
alumina/zirconium halide, and antimony pentafluoride (a slurry system). '

In general, additional source reduction is not possible because of thé closed loop

recycle process and the strict-controls placed on this material due to the severe health hazards
associated with contact and inhalation. : ‘ . '
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3.6.5 Acid Soluble oil ffom Hydrofluoric Acid Alk&lation |
3.6.5.1  Description

A residual of high molecular-weight reaction by-products dissolves in the HF acid

catalyst and lowers its effectiveness. To maintain the catalyst activity,-a slip stream of .
 catalyst is distilled, leaving the by-product, acid soluble oil (ASO), as a residue. The ASO is

* charged to a decanting vessel where an aqueous phase settles out. The ASO is scrubbed with ‘
potassium hydroxide (KOH) to remove. trace amounts of HF and-is either recycled, sold as
product (e.g., residual fuel), or burned in the unit’s boiler. In some cases, the ASO from -
- the. regenerator is sent directly to the neutralization tanks. Effluent from the neutralization
tanks is sent to the WWTP. Neutralization tank sludges were examined under the listing
proposal and Background Document. - . o B

‘ | ASO is generated exclusively varom the HF process. The sulfuric acid alkylation
“process does not generate ASO. : ‘ L ' }

‘Bight résiduals‘of ASO, accounting for 25 percent qf this category’s volume, was
reported as being managed as either D001, D002, or D00S.™ ‘ §

3;6}5,2.  Generation and Management .

The refineries reported generating approximately 33,493 MT of ASO in 1992.

" Residuals were assigned to be "ASO" if they were assigned a residual identification code of

' "alkylation acid regeneration tars" and were generated from a process identified as an HF
acid alkylation unit. This corresponds to residual code 08 in Section VII.1 and process code
09-B in Section IV-1:C of the questionnaire. Note that sludges generated from neutralization
~ of acid soluble oil were examined under the proposal and the Background Document and are
not included here. Table 3.6.7 provides a description of the quantity generated, number of
streams reported, and number of unreported volumes.. .

3.6.5.3 - Plausible-_Manage;nent
. EPA believes that most of the plausible management practices for this residual were
reported in the 1992 RCRA §3007 Survey, as summarized in Table 3.6.7. The Agency
gathered information suggesting that "disposal in industrial Subtitle D landfill" (1 MT) was
~used in other years. Upon closer examination of this residual, EPA determined that the -

facility neutralized its ASO and landfilled the sludge. This management practice is consistent
with the practices reported above. : . : E ’

1o’ _These percentages do not match up directly with any one of the management scenarios because the number of streams and the volume
" are a combination of several management scenarios (i.e., managed in WWTP, transfer as a fuel, offsite incineration, etc.).
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Table 3.6.7. Generation Statistics for Acid Soluble Oil, 1992

Final Management . # of # of Streams w/ | Total Volumé Average
Streams unreported MT) Volume
= - volume : MT)
Discharge to onsite wastewater treatment facility 6 -0 4,858.8 |. - 809.8
Neutralization ' 15 1 | nzsre | 7592
| Ofsite incineration 2 0 0.2° 0.1
Onsite boiler . ‘ 3 0 2,610.3 870.1
Onsite industrial furnace o 10 1 3,274 327.4
Other recovery onsite: alkylaﬁ'on or S -3 1 2,180 726.7
hydrotreating/hydrorefining process or unknown . .
| Recovery onsite in a catalytic coker 5 .0 3,641.3 728.3
; Recovery onsite in a coker - 1 0 1,019 : 1,019
| Recovery onsite via distillation 2 3 50 | 25
Transfer for direct use as a fuel or to make d . .2 0 740.6 |. 370.3
Suel : ' : .
Transfer with coke product or other refinery ' - 4 7 1 3,731 932.8
product i .
| ToTAL | o s3 | - 20 | 33483 | 6319

3.6.5.4  Characterization
Two sources of residual characterization were developed during the industry study:

. Table 3.6.8 summarizes the physical properties of the ASO as feported in’
Section VII.A of the §3007 survey. : ‘

o Four record samples of actual ASO were collected and analyzed by EPA. The
ASO represent the various types of interim management practices typically
used by the industry (i.e., with and without neutralization) and are summarized
in Table 3.6.9.. : R '

The four record samples were analyzed for total and TCLP levels of volatiles,
semivolatiles, and metals, as well as ignitability. Three of the samples were found to exhibit
the hazardous waste characteristic of ignitability. A summary of the results is presented in
Table 3.6.10. Only constituents detected in at least one sample are shown in this table.

B
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ri"ablle,3.6.8. ;Acidi Soluble Oil: Physical Properties
| | #er | g | 1m% | Suk% 900k %
pH o S 2.00 - 6.50 10.75
" Reactive CN, ppm o z | 7 0.00° 013 |  50.00
Reactive S, ppm 4 75 | oo | 500 200.00
Flash Point, °C : 27 | e | 2500 60.00 | 9333
Oil and Grease, vol% 2 s | 1500 9000 | 100.00
Total Organic Carbon, vol% » e _'16 1 - 73 IR 30.00 . .77.00 : - 100.00
Vapor Pressure, mm Hg ' 10 - 79 ‘ 3.00 135.00 - 575.00
Vapor Pressure Temperature, °C "9 | 80  20.00 . 25.00 38.00
-\ Viscosity, /ft-sec b 78 | 000 | -e01 | 040
Viscosity Temperature, °C . 1 6 83 | 15.60, - 17.50 - 37.80,
Specific Gravity R 55 | oso C0s0 | Loo
Specific Gravity Temperature, *C | 12 | 77 | 1500 | 1500 | 1560
BTU Content, BTU/b - 15 74 - | 750.00 15,000.00- | 19,000.00
Aqueous Liguid, % . - - < 47 2. | 000 10.00 75.00
Organic Liguid, % - B 56 3 | so00 98.00 100.00
’ Solid, % n f 32 57 | 000 0.00 | 30.00
Other, % - : o 2z | e | 000 | 000 0.05

z tFacdmes were not required to do addztzonal testmg, therefore mformatwn provided was based on prekusly callecled

data or engmeermg Judgement

- - ‘Table 3.6.9. Acid Soluble Oil Record Sampling Locations ' E
Sample Number Location =~ - - : ‘| Description :
R3-AS-01 . | Exxon, Billings, MT | Un-neutralized separator drum
| - ' o sample '
R5B-AS-01 | Marathon, Gary?illé‘, LA Acid régénerator settler bottoms,
SRR SR : - " | not neutralized
R15-AS-01 Total, Ardmore, 'OK o : Neutralized,’ skimmed from pit J
RIC-AS-01 . | BP, Belle Chasse, LA | Neutralized from storage tank

Petroleum Refining Industry Study ‘ 81 A o - E August 1996




3.6.5.5 Source Reducfion : ‘ B

As described in previous sections, several solid-acid catalysts used for alkylatlon are .
being tested in pilot plants. The reactor systems are different from the current liquid-acid ST
systems, but for one system the other equipment is compatible. Three types of the new solid
catalyst include aluminum chloride, alumina/zirconium halide, and antunony pentafluoride (a
slurry system).

It is likely that ASO will not be gener;clted in a solid catalyst systém;
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Acetone
Acrolein
Benzene
n-Butylbenzene

- . sec-Butylbenzene

tert-Butylbenzene
.Carbon disulfide .

trans-1,3-Dichloropropene *

Ethylbenzene
Isopropylbenzene -
p-Isopropyltoluene
Methyl ethyl ketone .~
4-Methyl-2-pentanone
n-Propylbenzene
Toluene .
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
. 0-Xylene - :
. m,p-Xylenes .

" Naphthalene

£

 Acetone
" Isopropylbenzene
Methy! ethyl ketone -

- Methyl ethyl ketone

* 1-Methylnaphthalene
2-Methylnaphthalene
Naphthalene -
2-Methylnaphthalene
Naphthalene

Aniline .

Table 3.6.10. ‘Ac;ld Soluble Oil Characterization

Volatile Organics - Method 8260A pg/L-

CAS No. R3-AS-01  R5B-AS-01- R7C-AS-01
67641} 49,0001 < 625} B - 40,000
107028| <~ 6250 < 625 25,000
S 71432 < 6250 | < 625 30,000
"104518| < 6250 < - 625| J . 9,500
135988| < 6250 | < -625| J- 2,600
98066 | < 6250 | < 625| J 7,200
75150| <. 6250 | < 625 J 1,800
10061026 | < 6250 < 625| J 1,600
100414} < 6250 | < 625 . 37,000
08828| < 6250 < - 625 J 13,100
' 99876| < 6250 < 625] .J 6,600
78933 < - 6250 < 625{ ° 27,000
108101| < 6250 | < 625 26,000
103651 < 6250 < 625 J . 8200
108883 < . 6250 < 625 41,000
95636 - 18,000 7,400 110,000
108678 | < 6250 | < - 625 27,000 J
. 95476 < 6250 | < 625|" " 20,000 <
108383 /106423 16,000 2,100 55,000 | <’
91203| < 6250 | < .625] 30,000 <
TCLP Volatile Organics - Methods 1311 and 8260A 10 1] T
' CAS No. R3-AS-01°  R5B-AS-01 R7C-AS-01
67641 -NA© . " NA ‘ NAB -
98828 NAl- " NA - NAlJ
.78933 NA "~ ONA- NA J
Semivolatile Organics - Method 82708 ug/L
CASNo  .R3-AS-01 R5B-AS-01 - R7C-AS-01
78933 - NA NA ‘ NA
90120 < = 250,000{<. 46,000 100,000
91576 < 250,000| < -46,000 180,000
91203| < 250,000 < 46,000 79,000
91576 <  250,000|< . ' 46,000 180,000
91203| < ~ 250,000 < 46,000 79,000
- [TCLP Semivolatile.Organics - Methods 1311 and 8270B pg/L ,
CAS No. R3-AS-01 R5B-AS-01 "R7C-AS:01
62553 . NN NA|

NAIJ'

83

A AAANANNANMNAAANCGCAANA

- (ughkg)

AANANRAAGC.

(ugkg) .
R15-AS-01
* 3,000

1,250
1,250
488
1,350

1,250
1,250
1,250

-1,250
1,250

13,300

1,260
-~ 1,250
1,250

1,250|

1,250
1,250
1,250

1,250

’ 1,250

R15-AS-01.

- 350
32
80

R15-AS-01
~. 80

12,375
12,375
12,375
12,375

R15-AS-01
20|

12,375|

" Average Conc Maximum Conc Comments

23156
8,281
9,531

4,406
11,238
' 3,856
1,225
1,158
11,281
1,658
3,681
8,781
. 8,531
4,081

122811

34,675
8,784’
© 7,031

18,588 |

- 9,531

Average Conc

350

32|
80

Average Conc

80
73,000

- 113,000
62,500
113,000

. 62,500

49,000
25,000
_ 30,000
9,500

2600]

7,200
1,800
1,600
37,000

3,100}

- 6,600
27,000
26,000

8,200

41,000

110,000

~ 27,000
- 20,000
55,000
30,000,

Maximum Conc

350

32
80

MaximurﬁConc
80

100,000 . .

180,000
79,000
180,000

79,000

20|

‘Comments

Comments

_ A S

- Average Conc| Maximum Conc Comments
.20




Aluminum
Calcium
Copper
Iron

Lead
Manganese
- Mercury !
Nickel
Potassium
Sodium’
Zinc

Potassium
Zinc

Total Fluorine (mg/L)
* |gnitability (-oF )
Corrosivity (pH )
Heat of Combustron (BTU/Mb )

ACID-SOLUBLE OIL FROM HF ALKYLATION

Total Metals - Methods 6010, 7060, 7421, 7470, 7471, and 7841 mglk (mg/kg)

Comments:

Notes:

CAS No. R3-AS-01 R5B-AS-01 R7C-AS-01 R15-AS-01  Average Conc Maximum Conc Comments
7429905) < 010§ < 0.10 < 0.10 290 NA NA
7440702] < 250 < 250] < 2.50 29,000 NA NA
7440508 1.00} < 013] < 0.13 37.0 0.42 1.00
7439896 < 0.50| < 0.50| < 050 120 NA NA
7439921 064|< 0.015] < 0.015} < 0.30 0.22 0.64
7438865| < 0.015] < 0.015| < 0.015 5.00 NA NA
7439976 < 0.01 0.022 < 0.01| < 0.05 0.014 0.022
© 7440020| < 0.041< 0.04] < 0.04 15.0 NA NA
7440097 {- < 250 < 2501 < 2.50 5,900 NA NA
7440235 < 250]| < 250f < -2.50 1,300 NA NA
7440666 027< 0.10| < 0.10) < 200} 0.16 0.27
TCLP Metals - Methods 1311, 6010, 7060, 7421, 7470, 7471, and 7841 mg/L. . .
CAS No. R3-AS-01 R5B-AS-01 R7C-AS-01 R15-AS-01  Average Conc Maximum Conc Comments
7440097 - NA NA NA 140 140 140
7440666 NA NA NAB 0.24 0.24 0.24
‘Miscellaneous Characterization ) .
- R3-AS-01  R5B-AS-0T R7C-AS-01 R15-AS-01 Average Conc Maximum Conc Comments
. 450 110| 18.0 9,300 mg/k 193 450 :
' 132 . 57 97> 158 NA NA
o3 5. ’ 7 10.8 - NA NA
18,700 19,245 19,000 14,000 17,736 19,2451

5

1. Detection Iimits greater than the highest detected concentration are excluded from the calculations.

B Analyte also detected in the associated method blank.

J  Compound's concentration‘is estimated. Mass spectral data rndrcate the presence of a compound that mests
. the identification criteria for which the result is less than the {aboratory detection fimit, but greater than zero.

ND Not Detected. = .

NA Not Applicable. A




3.7 - POLYMERIZATION v

Polymenzaﬂon isa process utlhzed for the conversiofi of* propane/propylene and/or
butane/butene feeds from other operations into a low molecular weight, hlgher-octane o
polymer product, referred to as dlmate Dimate is used as a h1gh octane gasolme blendmg
' component of unleaded gasolmes

r Almost 12 percent of the- industry s polymerization catalyst (Dimersol and phosphoric‘
-acid) volume was reported to be managed as a hazardous waste ( 'as hazardous D002 and .
D007) 5 : ‘ '

3.7.1 Process Descrlptlons

There are primarily two polymerization processes utilized by the petroleum refining
mdustry phosphonc acid polymerization and the Dimersol process, licensed by IFP
(Institute Francais du Petrole, or the French Petroleum Institute). Process descriptions for
each of these two processes are prov1ded in the followmg sections.

3 7 1.1 Phosp_honc Ac1d Polymenzauon

Phosphonc acid polymerization units produce margmal octane gasoline from '
propylene feeds from other operating units (i.e., the FCC unit, coking, etc) ‘Phosphoric ac1d
polymérization is more widely used by industry than the Dimersol process, representing 80
percent of all polymerization units in the United States. . Phosphoric.acid polymerization unit
. capacities range from 400 to 8,000 barrels per stream day, with the majority of units ranging
between 2,200 and 3, OOO barrels per stream day (as reported in the §3007 survey).

Phosphonc acid polymenzatlon utilizes a catalyst cons1st1ng of an alumma substrate
impregnated with phosphoric acid. A typical phosphoric acid polymerization unit contains _
one or more reactors consisting of a series of tubes coming off of a single header. The
reactor feed is charged to the header and flows through the tubes. The tubes are packed w1th
the phosphoric acid catalyst. The reaction conditions are controlled to stop the _
polymerization at the desired C6 or C9 product. The polymerization reaction is highly
exothermic and boiler feed water is fed through the reactor (on the shell side of the tubes) to
recover the heat for use as steam. Over time, the catalyst’s ac1d 51tes become blocked. and
- the cata.lyst is, slated for change—out -t

_After leavmg the reactor the reactor effluent is fractionated to give the desired

- products A simplified process. flow dlagram for a typical phosphorlc acid polymerrzatlon
unit is shown in Figure 3.7. l

L These percentages do not match up drrectly with any one of the management scenarios because the number of streams and the volume

are a combination of several management scenarios (i.e., Subtitle C landfill, recovery in coker, etc.). .
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Figure 3.7.1. Process Flow Diagram for Phosphoric Acid Polymerization Process

3.7.1.2 Dimersol Polymerization

As stated above, Dimersol polymerization units represent only 20 percent of the
existing polymerization units in the United States. The capacity of Dimersol units range
from 1,000 to 5,500 barrels per stream day, with an average capacity of approx1mately 3,200
barrels per stream day (as reported in the §3007 survey).

The Dimersol process is used to dlmenze light olefins such as ethylene, propylene
and butylene. The process typically begins with the pretreatment of the propane/propylene
or butane/butene feed prior to entering the reactor section of the process. Pretreatment can
include the use of molecular sieve dryers, sand filters, etc. to remove water and/or H,S.
Water in the feed stream can deactivate the catalysts used in the Dimersol process. After
drying the feed is combined with a liquid nickel carboxylate/ethyl aluminum dichloride
(EADC) catalyst prior to entering the first of a series of three reactors. The first two are
continuous stirred batch reactors and the third is a plug-flow tubular reactor. The reactor
feed is converted to the process product, dimate, primarily in the first reactor, and additional
conversion is achieved in the last two reactors. The final reactor effluent consists of dimate .-
product, unreacted C3/C4s, and liquid catalyst. Immediately following the last reactor, the
liquid catalyst is removed from the reactor effluent by treating the reactor effluent with
caustic, subsequent water washing, and filtering to remove solids. Spent caustic residuals are
typically reused or reclaimed on- or off-site, and as a result, do not constitute solid wastes.
After filtering, the product stream enters a “Dimersol stabilizer,” a distillation unit that
removes unreacted LPG from the dimate product. In some cases, the product stream is also
further treated by drying. LPG from the stabilizer overhead is typically sent to another unit
of the refinery for further processing. The dimate product from the bottom of the stabilizer
is sent to storage or product blending.
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A simplified process flow. dlagram for a typlcal Dlmersol polymerization unit is
shown in Flgure 3.7.2. :

I ' —_
Feed - % Y 1

‘ : o Catalyst Remover |
K cw ‘ | —

T , o | ¢ ‘Spenﬁaustic 3|

*Frésh Caustic -

Reactor

Figure,S.'7.2.4 Dimersol Polymerization Process ﬁow Diagram

3 7 2 Spent Phosphorlc ACId Polymerlzatlon Catalyst

3721 Descngtlon o L | A ‘ . ;

- Spent phosphonc acid polymerization catalyst is generated after the sohd catalyst
active sites have become blocked and lost the1r react1v1ty :

3.7.2.2 . A,Gerrleration a'nd Management

During reactor change—outs spent phosphonc aCId catalysts are ﬂushed or water

- drilled from the shell-and-tube reactors

o Twenty—two fac111t1es reported generatmg a total quantity of 3,358 MT of this re51dua1 ‘

in 1992 according to the 1992 RCRA §3007 Questionnaire. Residuals were assigned to be . -

"spent phosphoric acid polymerization catalyst" if they were assigned a residual identification
code of "spent solid catalyst" or "spent catalyst fines" and were generated from a process
- identified as a phosphoric-acid polymerization unit. . These correspond to residual codes 03-A
_and 03-B in Section VIL.2 of the questionnaire and process code 11-A in Section IV-1.C of -
the questionnaire. Quality assurance was conducted by ensuring that all phosphoric acid
polymerization catalysts prev1ously identified in the questlonnalre (i.e., in Sect1on V.B). were -

~ -assigned in Sectlon VII 2.

Based on the results of the quest1onna1re 25 facﬂmes use phosphonc acid
polymerization units-and are thus likely to generate spent phosphoric acid polymenzatlon
“catalyst. Due to the mfrequent ‘generation of this residual, not all of these 25 facilities
generated spent catalyst in 1992. However, there was no reason to expect that 1992 would
not be a typical year with regard to this residual’s generation and management. - Table 3.7.1
provides a description of the quantity generated, number of streams reported, number of
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streams not reporting volumes (data requested was unavailable and facilities were not -
required to generate it), total and average volumes. :

Table 3.7.1. Generation Statistics for Phosphoric Acid Catalyst
from Polymerization, 1992 ' '
Final Maragement ' ‘ #of # of Streams w/ Total Volume ~ Average
Streams | unreporied volume _(MT) Volume (MT)
| Disposal in offsite Subtitle D landfill 12 0 |- L4295 . 119
Disposal in offsite Subtitle C landfill 3 0 e | 207
Disposal in onsite Subtitle C landfill 2 0 349 - 1745
| Disposal in onsite Subtitle D landfill 6 0 246.8 41
Onsite land treatment 3 0 728 2427
Transfer for use as an ingredient in products 7 0 . 542.5 77.5
placed on the land »
| TOTAL : |33 - -0 3357.8 | . 1007
3.7.2.3 Plausible Managemenf -

EPA believes that most of the plausible manageihent practices for this residual were
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3.7.1. No data
were available to the Agency suggesting any other management practices. I

3.7.2.4 Characterization
Two sources of residual characterization were developéd during the industry study:

. Table 3.7.2 summarizes the physicél properties of the speﬁt catalyst. as
reported in Section VIL.A of the §3007 survey. '

. One record sample of phosphoﬁc acid pol&mérization cataiyst was collected
and analyzed by EPA.. The sample is representative of typical phosphoric acid
polymerization catalyst used by the industry and is summarized in Table 3.7.3.

The record sample was analyzed for total and TCLP levels of volatiles, semivolatiles,
and metals, reactivity (pyrophoricity) and corrosivity. - The sample was found to exhibit the
hazardous waste characteristic of corrosivity. Dimersol and phosphoric acid catalysts were _
categorized together in the consent decree, therefore, a summary of the results for both
residuals is presented in Table 3.7.7. Only constituents detected in at least one sample are
shown in this.table. ' '
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- Table 3.7.2. Phosphoric Acid Catalyst from Polymerlization:; Physical Properties
: o # of Fof Unreported | 10 % | 50h % 90tk %
Properties SR - Values Values' : ‘
pH - a | u | 14 I P72 R
Reactive CN, ppm : V 12 ‘30 001 | 7 .40 :
_Reactive ;9, ppm - : 12 . 30 | T ' 10 40
Flash Point, °C : 1 14 28 - 60 933 200
0il and Grease, vol% - 6 2% . | 0 0 25.5
Total Organic Carbon, vol% - | 15 7 S0 0 | 166
Specific Gravity _ 2 , 20 2 | ess 0.96 14
i Aqueous Ltquzd % . . 1 29 13 ' 0 0 | 50
* Organic Liquid, % - s | w0 b o 1
Solid, % 2 s |7 | s w0 | 100
Particle >60 mm, % w6 | 2% 0 0 0
' Particle. 1-60 mm, % . 17 25 0 95 95
Particle 100 -1 mm, % 16 | . 26 0 5 - 5
Partzcle 10100 ym, % 16 ‘26 0 0 100
Particle <10 pm, % ' 6 | 2 1 o o i 0
Median Partwle Dxameter, microns ‘ ‘ 10 B 31 - 5030 12,000 12,000

! Facdztzes were, not required to do addttwnal testing, therefore mformatwn prowded was based on prekusly collected

. data or- engmeermg judgement

" Table 3.7. 3 Phosphorlc Acid Polymerlzatlon Catalyst Record Samplmg Locations

R16-PC-01 " '

Koch, St. Paul, MN

Descrlptlon

Phqsphoﬁc acid catalyst

3725 Sourcé Reduction '

No source reduction. techniques were reported by mdustry or found in the hterature
search for this remdua.l
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3.7.3 Spent Dimersol Polymerization Catalyst
3.7.3.1 Description

Dimersol catalyst is added to the reactor feed stream and exits the final reactor as part
of the reactor effluent. The liquid catalyst is then removed from the reactor effluent by - -
neutralization (contact with caustic). Spent caustic streams, containing the spent dimersol
catalyst, are commonly reused on-site or sent off-site for metals reclamation or caustic
recovery, and as a result are typically not solid wastes. Spent catalyst also may be generated
in two other points in the process. First, during routine shutdowns spent catalyst may be
generated as a component of any reactor sludge removed from the reactors. Second, certain
Dimersol processes contain filters following caustic neutralization and water washing to
remove entrained residual nickel from the dimate product. The filters are removed and
disposed periodically. , s ‘ o "

3.7.3.2 ' Generation and Management‘ :

Dimersol catalysts are generated as solid wastes in the form of reactor sludgeé
generated during reactor clean-outs and as spent nickel filters. '

Four facilities reported generating a total quantity of 761.5 MT of this residual as a
reactor sludge in 1992, according to the 1992 RCRA §3007 Survey. Residuals were v
assigned to be “spent dimersol catalyst” if they were assigned a residual identification code
of “spent solid catalyst” or “spent catalyst fines” or “other process sludge” and were
generated from a process identified as a Dimersol polymerization unit. These correspond to
residual codes "03-A," "03-B" and "02-D" in Section VIL.2 and process code "11-B" in
Section IV-1.C of the questionnaire. Quality assurance was conducted by ensuring that all
dimersol catalysts previously identified in the questionnaire (i.e., in Section V.B) were
assigned in Section VIL.2. ' ' '

Based on the fesults of the survey, 7 facilities use Dimersol polymerization units and
may generate spent dimersol catalyst. Due to the continuous generation of this résidual,
1992 is expected to be a typical year in regard to catalyst generation volume and
management. There was no reason to expect that 1992 would not be a typical year with
regard to this residual’s generation-and management. ‘Table 3.7.4 provides a description of
the quantity generated, number of streams reported, number of streams not reporting
volumes (data requested was unavailable and facilities were not required to generate it), total
and average volumes. ' » , ~ .

3.7.3.3 Plausible Management

EPA believes that most of the plausible management practices for this residual were ’
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3.7.4. No-data
were available to the Agency suggesting any other management practices. Unlike with
phosporic aéid polymerization catalyst, EPA does not expect spent Dimersol catalyst to be
Jand treated due to the physical nature of the filters. S
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Table 3.7.4. Generatlon Statxstlcs for Spent Dunersol Polymerization Catalyst, 1992

Final Management #of # of Streams w/ Total Volume Avemge Volume
Strearns | unreported volume M) ) oT)
Disposal Offsite Subtile C Landfill | f e | 34 | 3.4
Disposﬁl Onsite Subtitle D Landfill 1 8.8 - 8.8
Offsite incineration 1 1 0.3 03
Recover onsite in a coker ‘ 1 0 749 749
TOTAL 4 '

1 | 7615 , 190.4

3.7.3.4. - Characterization
Two sources of 'residual eharacteﬂzation were developed during the industry study:

e - Table 3 7.5 summarizes the physical properties of the spent catalyst as
o reported in Sectlon VII. A of the §3007 survey.

‘e | Two record samples of Dlmersol polymenzatlon catalyst were ‘collected and‘
analyzed by EPA. The samples represent typical Dimersol polymenzauon
catalyst used by the mdustry and are summarized in Table 3 7.6.

' Table 3.7.5. Spent Dimersol Polymenzatlon Catalyst Physncal Propertles |
- #of Va_htes ‘#of Unreported 10lh % Mean 90th % .

oH . - 7 a4 38 |55 | 9
Flash Point, C - 4 7 033 | e33 | 100,
0il and Grease, vol% 3 8 26 53 64
Total Organic Carbon, vol% 3 8 0.08 41 9.5
Speclﬁc Gravzty 6 5 o7 | 12 | 14
Aqueous Liquid, % 11 0o 0 0 7
Organic quuzd, % 11 0 . 0 ) 0 | 60
Solid, % 11 0 ‘.20-'K " we | 100

‘ ’ Facilities were not requtred to do additional testing, therefore mformatwn prov:ded was based on prekusly collected
data or engmeermg Jjudgement. .

" The two record samples were analyzed for total and TCLP levels of volatlles
semivolatiles, and metals, and pyrophoricity and corrosivity. None of the samples were
/found to exhibit a hazardous waste characteristic. Dimersol and phosphoric acid catalysts
were categorized together in the consent decree, therefore a summary of the results for both
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residuals is presented in Table 3.7.7. Only constituents detected in at least one sample are
shown in this table. 4

Sample Numbe'r Location - - - | Description A . -
R6B-PC-01 Shell, Norco, LA | Dimersol filter

R16-PC-02 | Koch, St. Paul, MN Dimersol filter

3.7.3.5 Source Reduction |

No source reductlon techmques were reported by mdustry or found in the literature
search for this res1dua1
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Ethylbenzene .
Isopropylbenzene
Naphthalene

Toluene

1.2 4—Tnmethylbenzene
1,3 5-Tnmethylbenzene
m,p-Xylenes

" None Detected

Acenaphthene

" Anthracene
Benz(a)anthracene
Bis(2-ethylhexyl) phthalate
Di-n-butyl phthalate
Chrysene -
Dibéenzofuran

- Fluoranthene

. Fluorene .
-2-Methylchrysene -
1-Methyinaphthalene
2-Methyinaphthalene
Phenanthrene ’

Pyrene

" None Detected

Aluminum
Arsenic
Barium
Calcium
Chromium
Cobalt
Copper -
- fron

Lead ]
Magnesium
Manganese

Mercury

Nickel

Potassium -
Sodium
Vanadium
Zinc

Arsenic
Barium
Nickel

Zinc -

Corrosivity (pH)

© Comments:

Table 3.7.7. Polymerization Catalyst Characterization -

" Volatile Organics - Method 8260A pg/ky

R16-PC-02

Maximum Cone

Maximum Conc

Maximum Conc

NA

Maximum Conc

360| -

300
990
630
77
890
420°

210}

1,300
570

1,800

1,700

3,100} -

3,400

Maximum Conc
. N

Maxumum Conc
18,000

210

4,200

" 3,500

33.0

15.0].

. 28.0

- 4,200
9.70
1,200
57.0
0.10
75,000

‘ Comments
1

QUG R S |

¢

Comments

Comments
1

JAE T QT N QP QRS QT T G QIS QY

" Comments

-Comments -

1,100 . -

- 13,000
21.0
3,000

0.19
38.0

160
490

CAS No. R6B-PC-01 R16-PC-01 Average Conc
100414} < 2509 ' @2« 625] 59!
98828 < 25|J. - - 30|< , 625 188
91203 58] < 250 < 625 58
108883 < 25(J 130| < 625 | 78
95636| < - 25[4 91 625 58
108678| < 25| J . ot 625|. 58!
108383 /106423| < 25§ 4 120 < 625 73
[FCLP Volatile Organics - Methods 1311 and 8260A ug/L. ,
1 - CAS No. R6B-PC-01 R16-PC-01 R16-PC-02 Average Conc
NA| NA NA| “‘NA - NA
iSemivolatile Organics - Method 8270B pafkg i
CAS No.- R6B-PC-01 R16-PC-01 R1 6-PC-02 Average Conc
83329| < 2,063 J 380 < 165 263
120127 < 2,063]J - 300| < 165 233
' .56553] < 2,063 990 | < 165 578
117817 < 2,063]< | 413 . 630 521
84742| < 2,063 < 413]J © 77 77
2180181 "< 2,063 890] < 165 528
132649 < 2,063 J. 420) < 165 293
206440 | < 2,063} J 210} < 165 , 188
: 86737| < 2,063| 1,300] < 165 . 733
4 3351324] < 41251 J- 570|<. . 330 450
90120{ <  : 4,125 - 1800[< . 330 1,065
91576| < 2,063 1,700 < 165 933
85018 < - 2,063 3,100( <.’ 165 1,776
129000| < 2,063 3,400/ < 165 1,876
TCLP Semivolatile Orgamcs ~Methods 1311 and 8270B ug/L : .
cAs No. - R6B-PC-01 R16-PC-01 R16-PC-02 Average Conc
NA - NA NA| NA ' NAJ'
Total Metals - Methods 6010, 7060, 7421, 7470, 7471, and 7841 mg/kg
© CASNo. . R6B-PC-01 R16-PC-01 R16-PC-02 Average Conc
7429905, 6,500 - - 3,400 . 19,000 9,633
7440382 210 < 1.00 5.30 72.1
7440393 2,600 < - 200 4,200 2,273
| 7440702 . 1,200 3,500| < - 500 1,733
7440473 2701 33.0]< 1,00 12.2
7440484 150| < 5.00| < '5.00 8.33
7440508 7.40 210/ 28.0 18.8
'7439896 1,300 4,200 _ 500 ~2,000
7439921 3.50 9.70 2,20 5.13
7438954 | < 500 1,200{ < 500 733
7439965 13.0 570! . 150/ '28.3
7439978 0.10] < 0.05] < 0.05 0.07
7440020 9,600 52,0 75,000 28,217
7440097 1,100 < 500{< ' 500 700
7440235 13,000 < ° 500 8,000 7.167
7440622 < . 5.00 21.0|< 5:00 103
7440666 1,700 1,400 ~3,000 2,033
' [TCLP Metals - Methods 1311, 6010, 7060, 7421, 7470, 7471, and 7841 mg/L
) CAS No. R6B-PC-01 R16-PC-01 * 'R16-PC.02 Average Conc
7440382 0.19] © NAl< 0.05]| . 0412
| 7440393 < 1.00 Nﬁ . 360 185] |
7440020 160! N 67.0 1141,
7440866 | B 140 _NAB 4.90 3.15
Mlscellaneous Characterlzatlon - )
RE6B-PC-01  R16-PC-01 R16-PC-02 -
- NA| ; 0] " NA

*" Detection limits greater-than the hlghest detected concentratlon are excluded from the calculations.

" Notes:

B  Analyte also detected in the associated method blank. :
J Compound's concentration is estimated. Mass spectral data |nd|cate the presence of a compound that meets

the identification critéria for Wthh the result is less than the laboratory detection hmlt but greater than zero.

ND  Not Detected..
NA NotApphcable.

B
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3.8 RESIDUAL UPGRADING

After vacuum distillation, there are still some valuable oils left in the vacuum-reduced
crude. Vacuum tower distillation bottoms and other residuum feeds can be upgraded to
higher value products such as higher grade asphalt or feed to catalytic cracking processes.
Residual upgrading includes processes where asphalt components are separated from gas oil
components by the use of a solvent. It also includes processes where the asphalt value of the
residuum is upgraded (e.g., by oxidation) prior to sale. Off-spec product and fines, as well
as process sludges, are study residuals from this category. : :

N

3.8.1 Process Descriptions

A total of 47 refinéries reported usmg res1dual upgradmg units. Four types of
residual upgrading processes were reported in the 1992 RCRA §3007 Petroleum Ref'mmg

Survey:

Solvent Deasphalting
Asphalt Oxidation
Supercritical Extraction
Asphalt Emulsmn

Asphalt uses are typ1ca11y d1v1ded into use as road oils, cutback asphalts, asphalt
emulsions, and solid asphalts. These asphalt products are used in paving. roads, roofing,
paints, varnishes, insulating, rust-protective compositions, battery boxes, and compounding
materials that go into rubber products, brake linings, and fuel briquettes (REF). ‘

Solvent Deasphalting

Residuum from vacuum distillation is separated into asphalt components and gas oil
components by solvent deasphalting. Figure 3.8.1 provides a simplified process flow '
diagram. The hydrocarbon solvent is compressed and contacted with the residuum feed.

The extract contains the paraffinic fractions (deasphalted oil or DAO), and the rafﬁnate
contains the asphaltic components. The extract and raffinate streams are sent to separate
solvent recovery systems to reclaim the solvent. The DAO may be further refined or -
processed, used as catalytic cracking feed, sent to lube oil processing/blending, or sold as
finished product. The following types of solvents are typlcally used for the followmg
residual upgradmg processes: :

A Propane is the best choice for lube oil production due to its ability to extract ohly |
paraffinic hydrocarbons and to reject most of the carbon residue. (McKetta)

o A mixture of propane and butane is valuable for prepdring feedstocks for catalytic
cracking processes due to its ability to remove metal-bearing components. ’ (McKetta)

. Pentane deasphalting, plus hydrodesulfunzatlon can produce more feed for catalytic .
cracking or low sulfur fuel oil. (McKetta)
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. One facrhty reported usmg propane and phenol solvents for deasphaltmg res1duum
The DAO is sent to lube oil processing and the asphalt fractlon is sent to delayed
coking or fuel oil blending.. r

During process upsets, heavy hydrocarbons may become entrained in the solvent
recovery systems, and off-specification product may be generated. The entrained
hydrocarbons are periodically removed from the unit as a process sludge and typically
- disposed in an mdustnal landfill. The off—spemﬁcauon product are retumed to the process
,for re-processmg

* Solvent Recycle

1 SRR f . ~——~ Sludge
: Solvent |

Recovery| .

k ; Secnon :
: | Liquid- — ) , -
Residuum , Liquid - = - : —~ Deasphalted Oil
‘ — | Extractor . ) : A
. ' f ' . - .

— | Solvent
' - - | Recovery

———————®| Section

“Asphalt
Flgure 3.8. 1 Solvent Deasphaltmg Process Flow Dlagram . - B .

Asphalt Ox1datlon As halt Blowm

Re51duum from the vacuum tower or from. solvent deasphaltmg is upgraded by
oxidation with air. Figure 3.8.2 provides a simplified process flow diagram. - Air is blown
through the asphalt that is heated to about 500°F, starting an exothermic reaction. The .
temperature is controlled by regulating the amount of air and by crrculatmg oil or water )
through cooling coils within the oxidizer. The oxygen in the air reacts with hydrogen in the
residuum’ to form water, and the reaction also couples smaller molecules of asphalt into -
larger molecules to create a heavier product. These reactions changes the charactensncs of
- the asphalt to a product W1th the desired propemes

During this process coke will form on the oxidizer walls and the air sparger. The
coke is removed periodically (1 to 2 years) and sent to the coke pad for sale, mixed with
~ asphalt for use as road material, stored, or dlsposed The off-gases from the process are
scrubbed to remove hydrocarbons prlor to burmng in an ‘thermal unit such as an incinerator
or furnace. ' :
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—— Cut Backs
(Naphtha or Kerosene)

—— = Blown Asphalt

- + + — — -

JStraight Run,
Asphalt

T.PEmulsions

Water
& .
Emulsifier

Asphélt : S
Blower ’

Figure 3,8.2. Asphalt Oxidation Process mow Diagram
Supercritical Extraction ;

The Residuum Oil Supercritical Extraction (ROSE) process is not, in a strict sense, a -
supercritical fluid extraction process. The primary extraction step is not carried out at
supercritical conditions, but at liquid conditions that take advantage of the variable solvent
power of a near-critical liquid. A simplified process flow diagram is provided in Figure
3.8.3. The first stage of the ROSE process consists of mixing residuum with compressed
liquid butane or pentane and precipitating the undesired asphaltene fraction. 'Butane is used
for its higher solvent power for heavy hydrocarbons. If an intermediate resin fraction is
desired, another separator and stripper system would be used directly after the asphaltene
separator. To recover a resin fraction, the overhead from the asphaltene separator is heated
to near the critical temperature of the butane. - At the elevated, near-critical temperature, the
solvent power of the compressed liquid butane decreases and the resins. precipitate from
solution. The remaining fraction would consist of deasphalted light oils dissolved in butane.
The butane is typically recovered using steam. '

The DAO may be sent to FCC, blended into lubricating oil, or sold as finished
product. The asphaltene and resins are reported to be blended into No. 6 fuel oil. The
solvent and steam are condensed and collected in a surge drum where the solvent is recycled
back to the process. This surge drum accumulates sludges during process upsets that are
removed during routine process turnarounds and disposed as nonhazardous wastes.
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f.

Oil" — Asphaltehes Resins

Figure 3.8.3. Supetériticél Extraction Process Flow Diégrém

S

‘ Asjglialﬁ Emulsion

Residu,als from the'vacuum tower may be upgraded ;6 an asphalt emulsion by milling
soap (or shear mixing) with the asphalt. These emulsions are used for road oils, where good
~ adhesion is required. ' ' : : ' '

’ This process generated residuals from the cleanout of.-the soap tanks and from the
generation of off-spec emulsions. The soap tank cleanout residuals ‘are typically sent to the
wastewater treatment plant, and the off-spec emulsions are sent to a pit where heat is applied -
to break the emulsion. The soap fraction is sent the wastewater treatment system and the oil
fraction is recycled back to the coker feed. ~ I
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3.8.2 Off-specification Product from Residual Upgfading
3.8.2.1 Description

This residual was identified in the consent decree based on an incorrect :
characterization of data in a supporting document generated from 1983 PRDB data. After .
conducting a review of the underlying data, it was determined that volumes associated with
the category of "off-specification product from residual upgrading" were actually process
sludges generated during process upset conditions. The Agency’s finding regarding this
category was corroborated during its field investigation where this residual category was not
identified and in the §3007 survey results. Generally, refineries re-work any residuum that
does not initially meet product specifications within the upgrading process and rarely (one
reported in 1992 in the §3007 survey) generate off-specification product for disposal. -

3.8.2.2 Generation and Management

Off-spec product from residual upgrading includes material generated from asphalt
oxidation, solvent deasphalting, and other upgrading processes. Residuals were assigned to
be "off-specification product from residual upgrading” if they were assigned a residual
identification code of "off-specification product” or "fines" and were generated from a. ,‘
process identified as a residual upgrading unit. These correspond to residual codes "05" and
"06" in Section VIL.2 of the questionnaire and process code "13" in Section IV-1.C of the
questionnaire. : : ' :

Based on the results of the questionnaire, 47 facilities use residual upgrading "
processes and thus could potentially generate off-specification product from residual
upgrading. Only one facility reported this residual, generating 800 MT that was recovered
within the process. The base year, 1992, was expected to be a typical year for residual
upgrading processes and the survey results are in keeping with the Agency’s understanding of
this process. Table 3.3.1 provides a description of the quantity generated and number of
reporting facilities. ' ' o

Table 3.8.1. Generation Statistics for Off-Speciﬁcation Product from Residual ||-
| Upgrading, 1992 :

Final Management #of # of Streams w/| Total | . Average
. Streams unreported |- Volume | . Volume
volume oM7) 1)
Other recovery onsite: reuse in extraction - 1. -0 800 . 800
process - ' '
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- 3.8.2.3 ' . Plaus1b1e Management

) The Agency does not ﬁnd it necessary to’ con31der other nianagement practices
because off-spec product from residual upgrading had been classified as a residual of concern
based on erroneous old data and i in fact is not generated for dlsposal

. 3.8.2.4 Charactenzatlon

_ Only one source of re51dua1 charactenzatron data were developed dunng the mdustry
study: : : )

e  Table 3.8.2 summanzes the physrcal propertles of' the off-spemﬁcatlon product
as reported in Section VILA of the §3007 survey. : '

v Because it is rarely generated no record samples of this residual were avallable
durmg record samphng for ana1y81s .

Table 3 8. 2. Off—Specrficatlon Product from Resndual Upgradmg° Physncal

Propertles

: . #of | Bof k% | S % 90tk %
Properties ‘ | values |. Un‘;eaz‘oged
Flash Point] °C. . 1| 2 99.00 | 99.00 99.00
Specific Gravity 1 2 Loz 102 | 102
Aqueous Liquid, % - 1 2. 4000 | 4000 | 40.00
Organic Liquid, % R ' 2 60.00 | . 60.00 60.00
Solid, % . . ‘ 1 2 100.00 | 100.00 | - 100.00
Other, % S 1 “ 2 | 10000 | 10000 | 10000

1 Facddzes were not requtred to do addztwnal testmg, therefore information provided was based on previousl),; collected
data or engineering judgement. , L

3.8.2.5 Source Reduction

No source reductlon techmques were reported by mdustry or found in the hterature
search for this residual. - ,
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3.8.3 Process Sludge from Residual Upgrading

3.8.3.1 Description

Process sludge is generated from miscellaneous parts of the various residual
upgrading processes. This category is neither uniform nor routmely generated. Solvent
deasphalting may generate a sludge due to hydrocarbon carryover in the solvent recovery
system. Similarly, the ROSE process may generate sludges due to process upsets in the
solvent condensate collection system. Additional sludges may be generated during unit -
turnarounds and in surge drums and condensate knockout drums. '

Three residuals were reported to be managed "as hazardous”, accountmg for 25
percent of the volume of this category generated in 199216

3.8.3.2 Generation and Management

Twenty-one facilities reported generating a total quantlty of 241 MT of this residual
in 1992, according to the 1992 survey. Residuals were assigned to be "process sludge from
residual upgrading' if they were assigned a residual identification code of "process sludge"
and were generated from a process identified as-a "residual upgrading” unit. These -

correspond to residual code "02-D" in Section V[I 2 of the questionnaire and process code
*13" in Sectlon IV-1.C of the questlonnan'e

Based on the results of the questionnaire, 47 facilities use residual upgrading units and
thus may generate process sludge from residual upgrading. Due to the infrequent generation
of this residual, not all of these 47 facilities generated sludge in 1992. However, there was
no reason to expect that 1992 would not be a typical year with regard to this residual’s '
generation and management. Table 3.8.3 provides a descnptlon of the quantity generated,
number of streams reported, number of streams not reporting volumes (data requested was’
unavailable and facilities were not required to generate it), total and average volumes.

3.8.3.3 Plausible Management

EPA believes that most of the plausible management practices for this residual were
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3.8.3. The
Agency gathered information suggesting that "recovery onsite in an asphalt production unit"
(3.6 MT) and "transfer to offsite entity: unspecified" (unreported quantity) were used in
other years. This non-1992 management practice is comparable W1th other recovery practices
reported in 1992. : '

i

16 These percentages do not.match up directly with any one of the management scenarios because the number of streams and the volume
are a combination of several management scenarios (i.e., managed in WWTP, Subtitle c landﬁll ete.).
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Table 3. 8.3. Generatlon Statistics for Process Sludge from Resndual
‘ Upgradmg, 1992 . 7
Final Management #of | # of Streams w/ Total | Average
‘ , ‘ Streams unreported Volume Volume
. volume oT) oM7)
Discharge to gﬁsite wastelt;ater treatment facility 3 0 3.94 - 1.31
_Disposal in offsite Subtitle D landfill 12 0 137.56 11.46°
Disposal in offsite Subtitle C landfill 1 0 010 o010
‘Disposal in onsite Subtitle C landfill 4 0 62.00 15.50 ||
Disposal in onsite Subtifle D landfill 2 0 730|365
Offsite incinération = . - 1 0 9.00 9.00
Other recyclmg, reclamatwn, or reuse onsde 4 0 : 0.22' " 0.06
road material ’ :
Recovely onszte via dlstzllatwn y 1 -0 16.60 . 16.00
Transfer with coke product or other reﬁnery . ' 4 | [/} , o 5.44 1.36 ||
product i ‘ :
TOTAL - | o A o2 | 0 | 24156 7.55
' ©3.8.3.4 . Characterization .

“Two sources of residual characterization data were developed during the industry
study: - S I U ' . , = -

. Table 3 8.4 summarizes the physmal propertles of the sludge as reported in
- ‘Sectlon VIL:A of the §3007 survey ’
o One record sample of process sludge from re31dua1 upgradmg was collected
and .analyzed by EPA ThlS sample is summanzed in Table 3.8.5.

: The sample was analyzed for total and TCLP levels of volatiles, semivolatiles, metals,
and ignitability. The sample was found to exhibit the toxicity characteristic for benzene. A
- summary of the results is presented in Table 3. 8 6. Only constituents detected in the sample

are shown in this table. - ,

oy
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Table 3.8.4. Process Sludge from Residual Upgrading: Physical Properties
: ' #of tof | I0m% S0 % 90k %

Properties V"I‘"f’ U’;::Z‘:’:fd '
pH ’ 11 - 38 | ss0 6.30 7.60
Reactive CN,, ppm 8 | wm 001 | o 5000
Reactive S, ppm 7 . 42 : 0.01 - 15.00 4400.00
Flash Point, °C 14 35 8222 | wrr 315.56
0il and Grease, vol% . 7 2 0.10 900 100.00
Total Organic Carbon, vol% 16 . 33 50.00 - 98.50 100.00
Specific Gravity 1z 3 090 | 108 | 185
BTU Content, BTU/b | 3 4 11.00 '5,000.00 | 10,000.00
Aqueous Liquid, % | 23 - 26 0.00 0.00 25.00
Organie Liquid, % 23 ; ‘26 0.00 . 500 .| " 90.00
Solid, % : 34 15 . 10.00 |  95.00 100.00
Other, % 18 | 31 0.00 0.00 2.00
Particle >60 mm, % 12 37 2000 | 5000 | - 100.00
Particle 1-60 mm, % 9 40 100 | 49.00 . 80.00
Particle 100 pm-1 mm, % 5 e 0.00 1.00 1.00
Particle 10-100zm, % | 1| 4 0.00 0.00 0.00
Particle <10 pm, % 1| a8 .00 " 0.00 0.00

‘ Median Particle Diameter, microns 1 ' | 48 . 60.00 v' 60.00 . 60.00

! Facilities were not required to do adddwnal testing, therefore mformatwn provzded was based on prekusly collected
data or engmeermg Judgement.

Table 3.8.5. Process Sludge from Residual Upgrading Record Sampling Locations

Sample Number | Location | Description :
R1-RU-01 Marathon, Indianapolis, IN I ROSE unit's'calé/sludge
3.8.3.5 Source Reduction - -

Source reduction techniques were reported to be process modifications and better
housekeeping. This residual is generated 1nfrequently and in very small quantities, therefore
~ limited information was expected. '
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Table 3.8.6. Process Sludge from Residual Upgrading Characterization

- Acetone
Benzene
Ethylbenzene )
Methylene chloride -
“4-Methyl-2-pentanone. -
n-Propylbenzene
Toluene -
1,2,4- Trlmethylbenzene
1,3 5~Tr|methylbenzene
o-Xylene
m,p-Xylenes
"Naphthalene

- Benzene .

Ethylbenzene

Toluene

1,2,4- Tnmethylbenzene
o-Xylene

m,p-Xylene, '

Acenaphthene "
Anthracene

‘ leenzofuran
Fluorene ’
Phenanthrene

_ Pyrene

1- Methylnaphthalene
2-Methyinaphthalene
Naphthalene

Bis(2-ethylhexyl)phthalate'

2,4-Dimethylphenol

. Indene
1-Methyinaphthalene
2-Methyinaphthalene -
2-Methyiphenol
3/4-Methylpheriol

* Naphthalene

~ Phenol

Volatile Organics - Method 8260A pigikg

CASNo.  R1-RU-01  Comments
67641 B 120,000
71432 - 73,000
100414 130,000 -
. 75092 64,000 |
108101 63,000
103651 65,000| _
108883 |. 310,000
95636 570,000
108678 | - 150,000
95476 230,000
108383 /106423|- .~ 690,000
91203 ~ 160,000
TCLP Volatile Orgamcs Methods 1311 and 8260A pg/L
CAS No R1-RU-01 - Comments
71432| 2,600
100414 | . 570
108883, 4,100
95636 | - 990
. 95478| 1,300
108383 /106423 - 12,800
Semivolatile Organics - Method 8270B pg/kg -
CAS No ' R1-RU-01 Comments
83329|J . 38,000/
120127 J. 13,000
132649| J 113,000 S :
86737 J- 39,000 : o A
" 85018 . 120,000 |- T :
129000| J 19,000 - :
. 90120 390,000
91576 ’ 570,000
91203 - 190,000
TCLP Semivolatile Organics - Methods 1311 and 8270B pg/L
CASNo. = . R1-RU-01 Comments
117817] "J- S 30| '
105679 J 52 |
95136 J 16.
90120} J . 96
91576 130 -
95487 J - 65|
NA U ' 85
©91203] - 190
108952| J 57
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PROCESS SLUDGE FROMl RESI'DUAL UPGRADING

[Total Metals - Methods 6010, 7060, 7421, 7470, 7471, and 7841 mg/kg
CAS No. . R1-RU-01 Comments ( :

Aluminum 7429905 | 150 '
Anfimony 7440360 , 14.0
Arsenic . 7440382 . 430
Barium - 7440393 . 410
Cadmium 7440439 1.10
Calcium : 7440702 15,000
Chromium 7440473 . 86.0
Cobalt . 7440484 13.0
Copper 7440508 92,0
Iron 7439896 | - 200,000
Lead ) 7439921 . 200
Magnesium © 7439954 , 6.500
Manganese ' 7439965 ‘ 770
Mercury 7439976 0.11
Molybdenum 7439987 ' - 240
Nickel - 7440020 ©90.0
Vanadium : 7440622 B . 100
Zinc 7440666 40. 0 ‘

TCLP Metals - Methods 1311, 6010 7060 7421, 7470, 7471, and 7841 mg/L
. ) CAS No. R1-RU-01 . Comments

Calcium . 7440702 130

Iron 7439896 | 120

Manganese ‘ 7439965 3.90
Zinc 7440666 I 0.24

Miscellaneous Characterizafio’n
L = ~ R1-RU-01 = Comments
Ignitability (oF) . - ] _ 199 |

Notes:

B Analyte also detected in the associated method blank. : :

J Compound's concentration is estimated. Mass specfral data indicate the presence of a compound that meets
the identification criteria for which the result is less than the Iaboratory detection limit, but greater than zero.




3.9 - LUBE OIL PROCESSING o

Vacuum d1st111ates are treated and reﬁned to produce a variety of lubncants Wax
aromatics, and asphalts are removed by unit operations such as solvent extraction’ and
“hydroprocessing; clay may also be used. Various additives are used to meet product
- ,specrficatmns for thermal stablhty, oxidation remstances viscosity, pour pomt etc

e 391 Process Descriptions
) The manufacture of lubricating oil base stocks consists of five basic steps:

'1) d1st1]1atlon ‘ ,
2) deasphalting to prepare the feedstocks : .
~ 3) solvent or hydrogen refining to improve viscosity index and quahty
-4) solvent or catalytic dewaxing to Temove wax and improve low temperature
" properties of paraffinic lubes
5) clay or hydrogen finishing to improve color stablhty, and quahty of the lube base
stock

: Based on results.of the’ 1992 survey, 22 fac111t1es reported conducting lube oil

~ processing. The finished lube stocks are blended with each other and additives using batch
and continuous methods to produce formulated lubricants. The most common route to
finishing lube feedstocks consists of solvent refining, solvent dewaxing, and hydrogen
finishing. The solvent and clay processing route or the hydrogen refining and solvent
dewaxing route are also used. The all-hydrogen processing (lube hydrocracking-catalytic
dewaxmg—hydrorefinmg) route is used by two refiners for the manufacture of a limited
number of paraffimc base oils. Flgure 3.0.1 provrdes a general process flow diagram for

‘ lube 011 processmg ' : : ’

- Lube Drstlllatlon

Lube processmg may be the pnmary productlon process at some facrhtles whlle at
_others it is only one of many operatlons The 1mt1al step is.to separate the crude into the
fractions which are the raw stocks for the various products to be produced. The basic
‘process consists of an atmospherlc distillation unit and'a vacuum distillation unit. The _
‘majority of the lube stocks boil in the range between 580°F and 1000°F and are distilled in
the vacuum unit to the proper viscosity and flash specrﬁcatlons ‘Caustic solutions are
sometimes introduced to the feed to neutrahze organic acids present’ in some crude oils. This
-~ practice reduces or eliminates corrosion in downstream processing units, and unproves color,
stability, and reﬁmng response of lube distillates.

Lube Deasphaltmg '
Other facrhtles mcorporate lube deasphaltmg to process vacuum resrduum into lube oil
base stocks. Propane deasphalting is most commonly used to remove asphaltenes and resins

.which contnbute an undesirable dark color to the lube base stocks This process typrcally
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uses baffle towers or rotating disk contactors to mix the propane with the feed. Solvent
recovery is accomplished with evaporators, and supercritical solvent recovery processes are
also used in some deasphalting units. Another deasphalting process is the Duo-Sol Process
that is used to both deasphalt and extract lubricating oil feedstocks. Propane is used as the
deasphalting solvent and a mixture of phenol and cresylic acids are used as the extraction
solvent. The extraction is conducted in a series of batch extractors followed by solvent
recovery in multistage flash distillation and stripping towers. See the section on Residual
Upgrading for additional discussion on these processes. ‘

'Light Gas &

HP Separatdr

Rec;ycled Hydrogen : . : ~* Furnace Oil
H: —= : i . .
- v ' ugnch Gas ‘
- Lean- .
Amine ‘ —»- Light
' B Neutral
= @ . B =
] e ’ (o] =4
/\ -g 5 o 2 Medium
172] Fot -— .
s < 2 = o Neutral
r N e 0N &
Feed L. i < . ] ,i -
Heater - A |, Heavy
; - Neutral
L .
N y ) \. .
' Gas .
~ Rich Recovery |
Y Amine . De-
Waxer
LP Separator

v
- Figure 3.9.1. Lube Oil Processing Flow Diagram
Lube Refining Processes

Chemical, solvent, and hydrogen refining processes have been déveloped and are used -
to remove aromatics and other undesirable constituents, and to improve the viscosity index -
and quality of lube base stocks. Traditional chemical processes that use sulfuric acid and
clay refining have been replaced by solvent extraction/refining and hydrotreating which are
more effective, cost efficient, and environmentally more acceptable. Chemical refining is
used most often for the reclamation of used lubricating oils or in combination with solvent or
hydrogen refining processes for the manufacture of specialty lubricating oils and by-products.

Chemical Refining Processes: Acid-alkali ref“ming,' also called "wet refining", is a
process where lubricating oils are contacted with sulfuric acid followed by neutralization with
alkali. Oil and acid are mixed and an acid sludge is allowed to coagulate. The sludge is
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removed or the oil is decanted‘af‘ter settﬁng, and more acid is added and the process
repeated. ‘ ' SR

Acid-clay refining, also called "dry rofining" is similar to acid-alkali refining with the
exception that clay and a neutralizing agent are used for neutralization. This process is used. '
for oils that form emulsions during peutralization. ' o :

Neutralization with aqueous -and alcoholic caustic, soda ash lime, and other
neutralizing agents is used to remove organic acids from some feedstocks. This process is
conducted to reduce organic acid corrosion in downstream units Or t0 improve the refining ; -
~ response and color stability of lube feedstocks. - - :

.. Hydrogen Refining Processes: Hydrogen refining, also called hydrotreating, has
since been replaced with solvent refining processes which are more cost effective.
Hydrptreating‘ consists of lube hydrocracking as an alternative to solvent extraction, and
hydrorefining to prepare specialty products or to stabilize hydrocracked base stocks. -
Hydrocracking catalysts are proprietary to the licensors and consist of mixtures of cobalt,
nickel, molybdenum, and tungsten on an alumina or silica-alumina-based carrier.

‘ Hydrorefining catalysts are proprietary but usually consist of mckel—rﬁolybdenum on alurninal.‘

 Lube hydrocracking are used to remove nitrogen, OXygen, and sulfur, and convert the
undesirable polynuclear aromatics and polynuclear naphthenes to mononuclear naphthenes,
aromatics, and isoparaffins which are typically desired in lube base stocks. Feedstocks
consist of unrefined distillates and deasphalted oils, solvent extracted distillates and
deasphalted oils, cycle oils, hydrogen refined oils, and mixtures of these hydrocarbon
fractions.. ‘ o R : ' " .

. Lube hydrorefining processes are used to stabilize or iniprove the quality of lube base
stocks from lube hydrocracking processes and for manufacture of specialty oils. Feedstocks
are dependent on the nature of the crude source but generally consist of waxy or dewaxed-‘[ .
" solvent-extracted or hydrogen-refined paraffinic oils and refined or unrefined naphthenic and

* paraffinic oils from some selected crudes. : ‘ ' o

‘ Solvent Refining YProc'esses; Feedstocks from solvent refining pfocesses cbnsiSt of
paraffinic and naphthenic distillates, deasphalted oils, hydrogen refined distillates and

deasphalted oils, cycle oils, and dewaxed oils. The products are refined oils destined for
further processing or finished lube base stocks. The by-products are aromatic extracts which
~are used in the manufacture of rubpe_r, carbon black, pet'rochemicals’, FCCU feed, fuel oil. or

asphalt. - The major solvents 'used today are N-methyl-2-pyrolidone (NMP) and furfural, with -
phenol and liquid sulfur dioxide used to a lesser extent. . . L

The solvents are typically recovered in a series of flash towers. Steam or inert gas
strippers are used to remove traces of solvent, and a solvent purification system is used to

remove water. and other jmpurities from the recovered solvent. -
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Lube Dewaxing Processes |

Lube feedstocks typically contain increased wax content resulting from deasphalting
and refining processes. These waxes are normally solid at ambient temperatures and must be
removed to manufacture lube oil products with the necessary low temperature properties.
Catalytic dewaxing and solvent dewaxing (the most prevalent) are processes currently in use;
older technologies include cold settling, pressure filtration, and centrifuge dewaxing. '

Catalytic Dewaxing: Because solvent dewaxing is relatively expensive for the
production of low pour point oils, various catalytic dewaxing (selective hydrocracking)
processes have been developed for the manufacture of lube oil base stocks. The basic
process consists of a reactor containing a proprietary dewaxing catalyst followed by a second
reactor containing a hydrogen finishing catalyst to saturate olefins created by the dewaxing
reaction and to improve stability, color and demulsibility of the finished lube oil.

Solvent Dewaxing: Solvent dewaxing consists of the following steps: crystallization,
filtration, and solvent, recovery. In the crystallization step, the feedstock is diluted with the
solvent and chilled, solidifying the wax components. The filtration step removes the wax ;
from the solution of dewaxed oil and solvent. Solvent recovery removes the solvent from the
wax cake and filtrate for recycle by flash distillation and stripping. The major processes in’
use today are the ketone dewaxing processes. Other processes that are used to a lesser
degree include the Di/Me Process and the propane dewaxing process. -

The most widely used ketone processes are-the Texaco Solvent Dewaxing Process and
the Exxon Dilchill Process. Both processes consist of diluting the waxy feedstock with
solvent while chilling at a controlled rate to produce a slurry. The slurry is filtered using -
rotary vacuum filters and the wax cake is washed with cold solvent.- ‘The filtrate is used to
prechill the feedstock and solvent mixture. The primary wax cake is diluted with additional
solvent and filtered again to reduce the oil content in the wax. The solvent recovered from
the dewaxed oil and wax cake by flash vaporization and recycled back into the process. The
Texaco Solvent Dewaxing Process (also called the MEK process) uses a mixture of MEK and
toluene as the dewaxing solvent, and sometimes uses mixtures of other ketones and aromatic
solvents. The Exxon Dilchill Dewaxing Process uses a direct cold solvent dilution-chilling
process in a special crystallizer in place of the scraped surface exchangers used in the .
Texaco process. B ‘ ' '

The Di/Me Dewaxing Process uses a mixture of dichloroethane and methylene
dichloride as the dewaxing solvent. This process is used by a few refineries in Europe. The-
Propane Dewaxing Process is essentially the same as the ketone process except for the
following: propane is used as the dewaxing solvent and higher pressure equipment is ,
required, and chilling is done in evaporative chillers by vaporizing a portion of the dewaxing
solvent. Although this process generates a better product and does not require crystallizers,
the temperature differential between the dewaxed oil and the filtration temperature is. higher . -
than for the ketone processes (higher energy costs), and dewaxing aids are required to get
good filtration rates. o ‘ S
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Lube 011 leshmg Processes

Today, hydrogen ﬁmshmg processes (also refcrred to as hydroreﬁmng) have largely -
replaced the more costly acid and clay finishing processes. Hydrogen finishing processes are
" mild hydrogenation processes used to improve the color, odor, thermal, and oxidative

stability, and demulsibility of lube base stocks. The process. consists of fixed bed cataIytlc
_reactors that typically use a nickel-molybdenum catalyst to neutralize, ‘desulfurize, and
denitrify lube base stocks:. These processes do not saturate aromatics or break carbon-carbon
bonds as in other hydrogen finishing processes. Sulfuric acid treating is still used by some
refiners for the manufacture of specialty oils and the reclamation of used oils. This process
is typically conducted in batch or continuous processes similar to the chemical refining
processes discussed earlier, with the exception that the amount of acid used is much lower
that used in acid refining. Clay contacting involves mixing the oil with fine bleaching clay at
élevated temperature followed by separation of the oil and clay. This process improves color -
and chemical, thermal, and color stability of the lube base stock, and-is often combined with - ‘
- acid finishing. Clay percolatlon is a static bed abso:rptlon process used to purify, decolorize,
and finish lube stocks and waxes. It is still used in the manufacture of refngeratlon oils,
transformer oils, turbme 011s whlte oﬂs ‘and ‘waxes. :
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3.9.2 Treating Clay from Lube Oil Processing

3.9.2.1- Description

The majority of treating clays (includihg other sorbents) generated from lube oil
processmg are from acid-clay treating in refmmg or Iube oil ﬁmshmg The average volume

is approximately 40 metric tons

3.98.2.2

Generation and Management

The spent clay is vacuumed or gravity dumped from the vessels into piles or into °

containers such as drums and roll-off bins.
"as hazardous" from this category in 1992.

Only one residual was reported to be managed

Seven facilities reported generating a total quahtify of approximately 733 metric tons
of this residual in 1992, according to the 1992 RCRA §3007 Questionnaire. Residual were
assigned to be "treating clay from lube oil processes" if they were assigned a residual -

identification code of "spent sorbent" and were generated from a lube oil process.

These

correspond to residual code "05" in Section VIL. A of the questionnaire and process code
"17" in Section IV.C of the questlonnaue Table 3.9.1 provides a description of the 1992
management practices, quantity generated, number of streams reported, number of streams
not reporting volumes (data requested was: unavaﬂable and facilities were not requlred to

generate it), total and average volumes.

Table 3.9.1. Generation Statistics for Treating Clay from Lube Oil, 1992

Final Management #of # of Streams w/ Total Volume Average
Streams | unreported volume | oM7) Volume (MT)
Disposal in offfsite Subtitle D landfill 1 1 36.7 36.7
Disposal in offsite Subtitle C landfill 2 0 78.7. ' 39.4
Disposal in onsite Subtitle C landfill 1 0 5 5
Onsite land treatment 1 ] 9.8 9.8
Other recycling, reclamatwn, or reuse: cement 1 0 249.2 249.2
plant : ,
Other recycling, 'reclamalion, or reuse: onsite . 12 0 354 29.5
regeneration ‘ ‘ ' : '
| TOTAL 18 1 7334 | 40.7
3.9.2.3 Plausible Management

EPA believes that most of the plausible management practicés for this residual were - ‘
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3.9. 1. No data

were available to the Agency suggesting any other management practices.

Petroleum Refining Industry Smdyx

110 .

In addition, EPA

August 1996




compared the management practlce reported for lube oil treatmg clay to those reported for
‘treating clays from extraction, alkylation, and isomerization'” based on expected -
" similarities. No additional management practices were reported.

3 0. 2 4 Characterization

‘Two sources of res1dua1 charactenzatron were developed durmg the mdustry study

e ‘Table 3.9. 2 summarizes the physrcal and chemical propertles of treatmg clay ‘
from lube oil-processes as reported in Sectlon VII A of the §3007 survey.

° . One record sample of treatmg clay from lube oil processes was collected and |
" analyzed by EPA. Sampling information is summarized in Table 3.9.3.

" Table 3.9.2. Treating Clay from Lube Oil: Physical Properties
S | #of #of 10 % son % | 90 %
Properties  Values U";‘all’u"a"“’ | ‘
pH R 3 7 '3.80 7.40 © 7.40
Flash Point, °C 2 18 | 9500 9500 | 9500 j
Oil and Grease, vol% | 12 -8 1.00 _' 1.00 oo |
Total Organic Carbon, vol% - | - 12 -8 1.00 1.00 | . Loo
Specific Graviy | 15 C s e90 | 320 | 320
' Aqueous Liquid, % . 4 s | oo | . 600 0.0
Organic Liquid, % 4 16 | o000 0.00 0.00
Solid, % 7 13 | 10000 ‘| 100.00 100.00
Particle >60 mm, % 2 s | 000 0.00 0.00
Particle 1-60 mm, % 2 8. | o000 4580 | o160
Particle 100 pm-1 mm, % 2 18 | s40 | 5420 © 100.00
Particle 10-100 pm, % 4 16 | o000 50.00 100.00 -
Particle <10 pm, % 2 8 0.00 0.00 | 0.00
' Median Particle Diameter, microns 2 18 0.00 | 40000 |  800.00

1 Facilities were not requtred to do additional testing, therefore mformatwn prowded was based on prekusly collected
data or engmeermg  judgement. .

¥

" . EPA did not compare these management pracnces to those reported for the broader category of “treating clay from clay ﬁltermg
due to the diverse types of matenals included in this miscellaneous category
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The collected sample is expected to be generally representative of treatmg clay from |
lube oil processes. The sample was analyzed for total and TCLP levels of volatiles, semi-
volatiles, and metals. The sample did not exhibit any of the hazardous waste characteristics.
A summary of the analytical results is presented in Table 3.9.4. Only constituents detected

in the sample are reported. :

Table 3.9.3. Treating Clay; from Lube Oil Processing Record Sampling Locations I

Sample Number | Location o Description = = l
i R13-CL-01 l Shell, Deer Park, TX 3 " Pellets froxh wax treating —I E

3.9.3.5 Source Reduction

This resxdual is generated infrequently and in very small quantltles Treatmg clays .
use for product polishing in lube oil manufacturing are being phased out by industry. No
source reduction methods were reported by irdustry or found in the literature- search ,

o
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-'Téb)e 5.9.4. Treating Clay from Lube Oil Procoﬁsing ,Characterization

Benzene

Ethylbenzene
" Methylene chloride
_ n-Propylbenzene

- Toluene ..
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
o-Xylene v
" m,p-Xylenes

Methylene chloride -

Bis(2-ethylhexyl)phthalate

Di-n-buty! phthaiate )
N-Nitrosodiphenylamine

2-Methylphenol -
- 3/4-Methyiphenol

Aluminum .
Barium

© Calcium
Chromium
Copper
Iron

Lead-
Manganese
Vanadium
- Zine

3

- Aluminum

Copper
Manganese .
Zinc

Ignitabilityv ( oF )
Comments

Notes:

Volatile Organics - Method 8260A pg/kg

CAS No. R13-CL-01°  Comments
71432 K S
100414 | -J .8
75092 ., . 24
103651| J 8].
108883 - - 31 v
95636 | ~ 78 : Lo .
108678 - 34| oo -
95476 18 ' ’ ’
108383/ 106423| - . 52

(TCLP Volatlle Organics - Methods 1311 and 8260A ngL

'CASNo.  RI13-CL-01
 75002| B 2,600 ]

Comments

" Semivolatile Organics - Method 8270B pa/kg

CAS No R13-CL-01 Comments
117817 | 38,000 -
84742| 4 | 300]

86306| J - 470 P

TCLP Semlvolatlle Orgamcs Methods 1311 and 827OB ngL

CAS No R13-CL-01 . Comments
95487 | 18]
NA l J 18]
Total Metals - Methods 6010 7060, 7421 7470, 7471, and 7841 mglkg
CAS No. ‘ R13- CL-01. Comments
7420905 | - 140, OOO
74403931 ° 53.0
7440702| - 1,300
7440473 ). ' 100
7440508 | - 260
. 7439896 g 19,000
7439921 : - 36.0
7439965 . 180
7440622 130" '
7440666 120
TCLP Metals - Methods. 1311 6010 7060 7421 7470 7471 and 7841 myg/
CAS No. R13~ CL—01 i Comments :
7429905| - 120| . . B '
7440508 f_ oso| . 7 .
7439965 1.50} S
7440666 | B .0.94]
Mlscellaneous Characterlzatlon , )
'R13- CL-01 Comments
NA

1 Detection limits greater than the. hzghest detected concentratron are excluded from the calcufations. ‘

B Analytealso detected in the associated method blank

J Compound's concentration is estimated. Mass spectral data |ndxcate o
the presence of a compound that meets the identification criteria for which
the result is less than-the !aboratory detection hmlt but greater than zero.

ND Not Detected.
NA  Not Applicable. -
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3.10 H,S REMOVAL AND SULFUR COMPLEX
3.10.1 Process Description

All crude oil contains sulfur, which must be removed at various points of the refining
process. The predominant technique for treatmg light petroleum gases is (1) amine scrubbing
followed by (2) recovery of elemental sulfur in a Claus unit followed by (3) final sulfur
removal in a tail gas unit. ‘This dominance is shown in Table 3.10.1, which presents the
sulfur complex/removal processes reported in the RCRA §3007 Survey '

Table 3.10.1. Sulfur Removal Technologies Reported in RCRA §3007
Quostlonnalre »5
Technique A -  Number of “Percentage of
: Facilities - Facilities
Amine-based sulfur removal ‘ _ ~ | 106 - '86
Claus sulfur recovery® : | 101 B
Other sulfur removal or recovery E 16 S 113
SCOTO-type tail gas unif Cs0 . |4
Other tai gas treating unit N 19 115

! Percentage of the 123 facilities reporting any sulfur removal/complex technique.

2 Note that more facilities perform sulfur removal than perform sulfur recovery. Some refineries transfer their H,S-
containing amine offsite to another nearby refinery.

3 Shell and other companies license similar technologies. All are mcluded here as "SCO"I"-type "

4 14 facilities use the Beavon-Stretford process for tail gas treating.

Caustic or water is often used in conjunction with, or instead of, amine solution to’
remove sulfur, pa.rtlcularly for liquid petroleum fractions. These processes, however, are
generally not considered sulfur removal processes because either (1) the sulfur is not further -
complexed from these solutions (i.e., is not removed from the solution), or (2) if removed, it
occurs in a sour water stripper which is in the domain of the facility’s wastewater treatment
system. Such processes are considered to be liquid treating with caust1c Wthh was '
discussed in the Listing Background Document ~

The dominant sulfur. remova]/complex train, amine scrubbing followed by Claus unit
followed by SCOT®-type tail gas treating, is discussed below. In addition, the second-most
popular tail gas system, the Beavon-Stretford system, is discussed. Finally, other processes
reported in the questionnaires are discussed. :
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3.10.1.1 " Amine Scrubbing

- As shown in Table 3 10.1, amine scrubbing is USed by most facilities, with 106

' refineries reporting this process in the questionnaire. A typical process flow diagram for an
amine scrubbing system is shown in Figure 3.10.1. The purpose of the unit is to remove =
H,S from refinery fuel gas for economical downstream recovery. Fuel gas from the refinery
is fed to a countercurrent absorber with a 25 to 30 percent aqueous solution of amine ‘'such as
monoethanolamine (MEA), d1ethanolam1ne (DEA), or methyldlethanolamme (MDEA) The
H,S reacts with the amine solution to form a’ complex, "rich" amine. Typically, a refinery
will have several absorbers located: throughout the reﬁnery dependmg on the location of

- service.  These "rich" streams are combined and sent to a common-location at the sulfur

- plant where the H,S is stripped from the amine in the reverse reactlon The "lean” amme is.
recycled back to the absorbers.

.+ Lean Aminetoother} - ‘ ' st to
, o units in the refinery o ~—-(laus Unit
Sweetened Gas l - : 7
g BV : e Water Wash
- & 5
Sour Fuel 2 - 5 g
Gas < Skimmed 8 &
from FCC i i A = i
. , Heat Stable
- Lean Amine [T Amine Salt Sludge
. : ' L Slip Stream :
"Rich Amine from other 3 B "
. units in the refinery =

Spent Filters

. 'Figrur.e 3.10.1: Amir1e~‘Sulfur Removal Process Floyy Diagrém

3.1‘0.L1.2 Claus Unit

. The H,S from the sulfur removal unit is most often recovered in a Claus system as
- elemental sulfur. Table 3.10.1 shows that 101 refineries reported this process in the
. questionnaire. A typical process flow diagram for a Claus unit is shown in Figure 3.10.2.
. In a Claus unit, the H,S is partially combusted with air to form a mixture of SO, and HzS. It
‘then passes through a reactor containing activated alumma catalyst to form sulfur by the
’ followmg endothermic reaction:

- ‘ '2HZSV+vSQZ-—> 3S +2H0
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The reaction is typically conducted at atmospheric pressure. The resulting sulfur is
condensed to its molten state, drained to a storage pit, and reheated. The typical Claus unit
consists of three such reactor/condenser/reheaters to achieve an overall sulfur removal yield
of 90 to 95 percent. At this point the tail gas can be (1) combusted and released to the
atmosphere, or (2) sent to a tail gas urut to achleve greater sulfur reduction.

BFW‘ AStcam - o Spent
l ' Catalvst,

H2S Furnace ( Reactor
Air Elemental ' — ¥ '
- Sulfur
h ' T Steam Tail Gas to
; Tail Gas Unit
Sulfur 3
| Condenser _
_
-g——t’
Off:pic - Product
product syl rv s ulfur

' Figure 3.10.2. Claus Sulfur Recovery Process Flow Diagram ’

3.10.1.3 SCOT® Tailgas Unit

The most common type of ta11 gas unit uses a hydrotreating reactor followed by damine
scrubbing to recover and recycle sulfur, in the form of H,S, to the Claus unit. - Shell licenses
this technology as the Shell Claus Offgas Treating (SCOT®) unit; many other refineries .
reported using similar designs licensed by other vendors.  All can be represented by the
generalized process flow diagram shown in Flgure 3.10.3.

Tail gas (containing H,S and SO,) is- contacted with H, and reduced in a hydrotreatmg
reactor to form H,S and H,0. The catalyst is typically cobalt/molybdenum on alumina. The
gas is then cooled in a water contactor. The water circulates in the column and. requires
periodic purglng due to impurity buildup; filters may be used to control levels of partlculates
or 1mpur1txes in the circulating water. :

The H,S-containing gas enters an amine absorber which is typically in.a system
segregated from the other refinery aniine systems discussed above. The purpose of
segregation is two-fold: (1) the tail gas treater frequently uses a different amine than the rest -
of the plant, such as MDEA or diisopropyl amine (DIPA), and (2) the tail gas is frequently
cleaner than the refinery fuel gas (in regard to contaminants) and segregatlon of the systems
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reduces mainten;incé i'equire‘ments for the SfCO'l'® unit. Amihes chdsen for use in the tail gas
system tend to be more selective for H,S and are not affected by the high levels of CO, in
- the offgas. S : - R AR »

, The "rich" amine generated from this step is desorbed in a stﬁpper; the lean amine is
recirculated while the liberated H,S is sent'to the Claus unit.. Particulate filters are some-

times used to remove contaminants from lean amine. Vent G
s Lo - o . . as
T
_dg S Lean
*o-' Amine ‘
8 ——————p
, < H2S
H"- | ’
/ G e St
. -c g
o E £
o . o I-
Reactor & Rich. i
S : Amine
Spent ' ' I | Amine
Catalys': R - Sour ' Lean Amine to 1 Regenerator
oo : ' Water Regeneration o
: Purge

Figure 3.10.3. SCOT® Tail Gas Sulfur Removal Process Flow Diagram

3.,10.1.4  Beavon-Stretford Tail Gas- Unit

This system was reported to be used by 14 facilities. A hydrotreating reactor

- converts SO, in the offgas to H,S. The generated H,S is contacted with Stretford solution (a
mixture of vanadium salt, anthraquinone disulfonic acid (ADA) , sodium carbonate, and
sodium hydroxide) in a liquid-gas absorber. The H,S reacts stepwise with sodium carbonate
and ADA to produce elemental sulfur, with vanadium serving as a catalyst. The solution
proceeds to a tank where oxygen is added to regenerate the reactants. One or more froth or
slurry-tanks are used to skim the product sulfur from the solution, which is recirculated to

- the absorber. - LT : ' o

3.10.1.5 Other Processes

. Although the amine/Claus train followed by a SCOT® or Beavon-Stretford tail gas
unit is the dominant system used in the industry, it is not exclusive. Some refineries, mostly
., small asphalt plants, do not require sulfur removal processes at all, while others use
alternative technologies.. Each of these processes are used by less than five refineries, and
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most often are used by only one or two facﬂmes In decreasing order of usage, these other
processes are as follows: '

Sulfur Removal/Recovery Procosses

Tail Gas Processes

not recovered

Sodium hydrosulfide Fuel gas contammg H,S is contacted with sodium
hydroxide in an absorption column.: The resulting liquid is product sodium
hydrosulfide (NaHS).

Iron chelate. Fuel gas containing H,S is contacted with iron chelate
catalyst dissolved in solution. H,S is converted to elemental sulfur,

which is recovered. '

Stretford. Similar to iron chelate, except Stretford solution i is used mstead of
iron chelate solution.

Ammonium thiosulfate. In this process, H,S is contacted with air to.form
SO,. The SO, is contacted with ammonia in a series of absorption column to
produce ammonium thiosulfate for offsite sale. (Kjrk-Othmer 1983)

Hyperion. Fuel gas is contacted over a solid catalyst to form elemental sulfur.
The sulfur is collected and sold. The catalyst is compnsed of iron and
naphthoquinonsulfonic acid.

Sulfatreat. The Sulfatreat material is a black granular solid powder; the H,S
forms a chemical bond with the solid. When the bed reaches capacity, the
Sulfatreat solids are removed and replaced with fresh materlal The sulfur is

BN

A few facilities report ‘sour water stripping, which was not part of the scope of
the survey. The actual number of sour water stnppers is likely to be much
greater than reported in the questionnaire. , :

Hysulf This process is under development by Marathon Oil Company and
was not reported by any facilities in the questionnaire. Hydrogen sulfide is
contacted with a liquid quinone in an organic solvent such as n- methy1—2-
pyrolidone (NMP), forming sulfur. The sulfur is removed and the quinone
reacted to its original state, producing hydrogen gas (The National :
Envzronmental Journal, March/April 1995) :

Caustic scrubbing. An incinerator converts trace sulfur compounds- in the
offgas to SO,. The gas is contacted with caustic which is sent to the.
wastewater treatment system.
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Polyethylene glycol. Offgas from the Claus unit is contacted with this solution
- to generate an elemental sulfur product. Unlike the Beavon Stretford process,
‘no hydrogenation’ reactor is used to convert SO, to H,S. (Kirk—Othmelj, 1983)

Selectox.” A hydrdgenation reactor converts SOQ in the offgas to H,S. A solid
catalyst in a fixed bed reactor converts the H,S to elemental suifur. The

" elemental sulfur is recovered and sold. (Hydrocarbon Processing, April 1994).

Sulfite/Bisulfite Tail Gas Treating Unit: Following Claus reactors, an
“incinerator converts trace sulfur compounds to SO,. The gas is contacted with .
sulfite solution in an absorber, where SO, reacts with the sulfite to produce a

bisulfite solution. The gas is then emitted to the stack. The bisulfite is
regenerated and liberated SO, is sent to the Claus units for recovery. (Kirk-
Othmer 1983) -
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3.10.2 Off-Specification Product from Sulfur Complex and HZS Removal
Facmtles

3.10.2.1 Description

Elemental sulfur is the most common product from sulfur complex and H,S removal ' -
facilities, although a small number of facilities generate product sodium hydrosulfide or
ammonium thiosulfate, as discussed in Section 3.10.1.5. Like other refinery products, suifur
must meet certain customer specifications such as color and impurity levels. The failure of -
the refinery to meet these requirements causes the sulfur to be "off-spec."

Stretford System

Although the Beavon-Stretford system is used by only 14. reﬁneriesﬁ off—spec sulfur
generated from this process accounts for 2/3 of the refinery-wide 1992 generation of off-spec
sulfur. Sources of this volume are as follows . :

. Product sulfur: ‘Some refineries routinely dispose of their continuously
generated product sulfur rather than sell it. Presumably, these refineries have
. operational difficulties making "on-spec” sulfur from the vanadium-catalyzed
process. The small number of refineries managing sulfur this way account for
most of the quantity of off-spec sulfur generated industry-wide. Other
refineries sell all or most of their product sulfur ‘and only dispose’ of sulfur
generated from spills, etc.

. Filtered solids from spent Stretford solution: As discussed further in
Section 3.10.3, many refineries report that a portion of the circulating
Stretford solutlon must be purged to remove impurities in the system. After
purging, some refineries filter out the solids pnor to further managing the
spent solution.

. Turnaround sludge (sediment): Every few years, ‘the process units are
thoroughly cleaned as preparation for maintenance. The principal source of
this turnaround sludge is the froth (slurry) tank.

° Miscellaneous sludges (sediments): Other Solidé build up in the system, '
including tank sludges and process drain p1t sludge. They are removed
intermittently.

Every residual generated by the Stretford process contains elemental (product) sulfur
because sulfur is a reaction product. Most refineries designated the above materials as off- .
spec product in their questionnaire response, and these residuals are included in statistics
discussed later in this Section. :
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Claus Systeni
Based on database ‘res‘pon‘ses,' many Claus units generate off-spec sulfur at frequencies
‘ranging from 2 months to 2 years. Sources of such sulfur are spills, process upsets,
‘turnarounds, or maintenance operations. Some refineries generate off-spec sulfur more
.- frequently; one refinery reports that certain spots are drained daily to ensure proper
_Operation. - - o ‘ S : B

- Other Systems o '_ .

. The amine scrubbing and SCOT® units do not generate off-spec. sulfur because they .
do not generate product sulfur (their product is H,S, an intermediate for the Claus sulfur
- recovery unit). Other systems generating elemental sulfur or product sulfur compounds can
generate off-spec sulfur for the same reasons described above for Claus. and Stretford )
© processes. R ) - '
:3.10.2.2° Generation and Management
Most off-spec sulfur from Claus units is solid with little water content. The off-spec
- sulfur residuals described above from the -Strétford process contain varying levels of solution
-which would give the residual a solid, sludge, or slurry form. Some refineries report '
filtering this material to generate off-spec sulfur with higher solids levels.’
~ Based on the questionnaire responses, most refineries (regardless of process) reported
storing off-spec sulfur onsite in a drum, in a dumpster, or in a pile prior to its final - ‘
- destination. In 1992, five facilities reported classifying this residual as RCRA hazardous (a,
- total quantity of 2,551 MT were reported), however, the hazard waste. code was generally
‘not reported.’® - ' o S

Sixty facilities reported generating a total quantity of almost 9,650 MT of this residual
in 1992, according to the 1992 RCRA §3007 Survey. As stated in Section 3.10.1, 123
facilities reported sulfur complex/removal processes.  The remaining 63 facilities either
- report never generating this residual, or reported generation in years other than 1992 (due to -
intermittent generation). There was no reason to expect that 1992 would not be a typical
year with regard to this residual’s generation and management. - Because most of the
generation quantity is concentrated at a small number of facilities using the Stretford process,
- however, future operational changes at those sites could greatly impact the industry-wide =~
residual generation rate. - : ' '

, Residuals were assigned to be "off-spec sulfur" if they were assigned a residual

~ identification code -of "off-spec product” and were generated from a process identified as a
sulfur removal or complex unit. These correspond to residual code 05 in Section VII.A of
- the questionnaire and process code 15 in Section IV.C of the questionnaire. Table 3.10.2

© ¥ These percentages do not match up directly with any one of the management scenarios because the number of streams and the volume

aré a combination of several management sceharios (i.e., Subtitlé C landfill, transfer to offsite entity, etc.). .
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provides a descriptioh of the 1992 management, practices, quantity generated number of
streams reported, number of streams not reporting volumes (data requested was unavallable
_and facilities were not required to generate it), total and average volumes

Table 3.10.2. Generation Statistics for Off-Spec Sulfur, 1992

Final Management = -~ # of # of Streams w/ | Total Volume Average

i Streams | unreported volume o) Volume (MT)
Disposal in offsite Subtitle D landfill a | 10 5,043.53 123.01
Disposal in offsite Subtitle-C landfill 6 2 3,575.50 510.79
Disposal in onsite Subtitle C landfill 3 0 T 289.07 ' 96.36
Disposal in onsite Subtitle D landfill 10 3 '225.50 22,55
Other disposal o[ﬁsite.(anticipateti 10 be Subtidle C| 1 0 010 - 0.10
landfill)
Offsite incineration ‘1 0 0.70 0.70
Offsite land treatment 1. 0 0.95 0.95
Other recovery onsite: sulfur plant 1 1 l | 2.00 . 2.00
Transfer for use as an ingredient in products 1 0 1500 15.00°
placed on the land ,
Transfer to other offsite entity 1 2 487.80 . 487.80 |
Transfer with coke product or other refinery 4 0 | 6.52 1 _v 1.63
product :
TOTAL 70 ' 2r 9,646.57 137.8

3.10.2.3 PlausibleManagement

EPA believes that most of the plausible management practices for this residual were
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3.10.2. . No data
were available to the Agency suggesting any other management practices.

3.10.2.4 Characterization

Two sources of residual characterization were developed dunng the indus'try;study:

o Table 3.10.3 summarizes the physical and chemical'properties of off-spec
sulfur as reported in Section VIL.A of the §3007 survey. :

e . Four record samples of off—spec sulfur were collected and analyzed by EPA.
All of these were collected from the Claus process

summarized i in Table 3.10.4.
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The collected samples are expected to be representatwe of off-spec sulfur genemted
from Claus units, the sulfur recovery process used by most refineries. They are not expected
to represent off-spec sulfur from the Stretford process because vanadium would be present-in

-off-spec sulfur from this process. at levels higher than those found in off-spec sulfur from '
Claus units. Concentratlons of other contammants may also differ.

All four record samples were analyzed for total and TCLP levels of volatlles
semivolatiles and metals. None of the samples were found to exhibit a hazardous waste
characteristic. A summary of .the analytical results is presented in Table 3.10.5. Only
constltuents detected in at least one sample are shown in this table

Ny o ' Table 3 10.3. Off-Speclficatlon Sulfur: Physical Propertles )
I | - #of #of . 10th % 50th % 90th %
Properties - . ) ‘V?I”” Um"‘d | '
pH : S s - | 6. . ° 280 | ss0 1 s.00
Reactive CN, ppm . ] 20 & 0.00 025 | . 20.85
Redctive S, ppm : ? ) 35 ,' 72 . - - 0.00 Rl 1.23 e 92.00
Flash Point, °C o s | 60.00 | 93.33 | 187.78
' 0l and Grease, vol% | 28 78 000 | os¢ | 1310
Total Organic Carbon, vol% . 720 BT I 0.00 000 | Loo
Vapor Pressure, mm Hg R 9 © . 98 0.00 010 11.00
Vapor Préssure Temperature, °C - | 9 | 98 | “ 2000 | 14000 | 284.00
Specific Gravity A 35 4 72 | o0 136 2.07 .
Specific Gravity Temperatdre, °C . o 11 ’ 9% 4"00 . 1.5:.60 v 21'.10l
BTU Content, BTUI, | s | ez’  0.00 4,606.00 | 4,606.00
: Aqueous Liguid, % o 4% 61 | 0.00 _0.00, 5.00
- Organic Liquid, % . | w | & .00 " 0.00 100.00
Solid, % - o ‘&2 | 25 | G000 | . 10000 100.00
Particle >60 mm, % . . . 28 79 | 000 | s0.00 - 100.00
Particle 1-60 mm, % 24 - | 000 2250 | 100.00 .
Particle 100 ym-l mm, % 22 | s | 000 |  o00 100.00
Particle 10-100 pm, % “ | 93 000 | o000 0.00
Particle <10 um, % : | o | s | o000 0.00  0.00
Median Particle Diameter, microns | ‘ 7 100 X 0.00 0.00 ‘ 200.00

! Facilities were not required to do additional testmg, therefore mformatwn provided was based on prekusly collected

data or engmeermg Judgement
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Table 3.10.4. Off-Specification Sulfur Record Sampiing Locations

Sample number | Facility Description o

R1-SP-01" Marathon, Claus unit: contents of product tank
Indianapolis, IN destined for dlsposal -

R2-SP-01 Shell, Wood River, IL | Claus unit: generated daily from umt "low

‘ : ' - spots"” :
R7B-SP-01 BP, Belle Chase, LA .Claus unit: from cleaning and turnaround
’ . of product tank

R23-SP-01 Chevron, Salt Lake Claus unit: from ioading spills, connection -

City, UT leaks, and sumps
3.10.2.5 Source Reduction

During EPA’s site visit, one facility was observed fo generate "off-spec” sulfur
product daily. Portions of the sulfur plant are being replaced with a newer design. As a
result, waste sulfur residual from equipment "low points” will no longer be generated.
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" Acetone

" Acetone

Bis(2-ethylhexyl) phthalate -

Benzo(a)pyrene . -
. Benzo(g,h,i) perylene

Chrysene

Di-n-butyl phthalate

Di-n-actyl phthalate

Pyridine-
" Fluorene
2-Methylchrysene
1-Methylnaphthalene .
2-Methylnaphthalene’
Phenanthrene

Bis(2-ethylhexyl) phthalate

Aluminum
Barium
-Calcium
Chromium
Copper
ron

Lead

- Manganese
" Molybdenum -
Nickel
Zine -

Aluminum
,Calcium
_Chromium
fron
. Manganese
Zinc

Table 3.10.5. Residual Characterlzatlon Data for Off-Specification Sulfur

Volatlle Organics - Method 8260A pg/kg o
Comments

CAS No. . R1-8P-01 - R2-SP- 01 R7B-SP-01 R23-SP-01 Average Conc’ Maximum Conc
' 67641] < 25]< 25« 5/ 2,000 © 514] . 2,000
TCLP Volatile Organics - Methods 1311 and 8260Aug/L . ) o
* CAS No: R1-SP-01 ‘R2-8P-01 ©~ R7B-SP-01 R23-8P-01 Average Conc : Maximum Conc  Comments
67641| B 2300(< 50] < . 50|B-  160| 640| . 2,3oo|'
Semivolatile Organics - Method 82708 pg/kg A
’ CAS No. R1-8P-01 = R2-SP-01 ‘R7B-SP-01 - R23-SP-01 Average Conc Maximum Conc  ~Comments
‘ 117817 4 75] < 165 - 880 460 385 . gso| -
'50328| < 165| < 165| < 165( 10{. . o] 110 1
191242| < 165) < 165) < . 165(J = 130 130 130 1
- 218019{ < 165( < 165] < 1651 J . 270 ’ 191 270 o
- 84742| < - 165] < 165] J 140 < 165 . 1401 140 1
117840]. < 65| < . 165 J 180| < 165( - 169 180 K
- 110861]. < 165] J. 160 < - 165] < 165 160 . 160] . 1
86737). < 165] < 165( J 280} <- 165{- 194 . 280f .
3351324} < 330( <« - 330 <+ . 330(J 230 - 230 - 230 1
" 90120( < 330 < 330| . '680] < 330 418 680
91576 < 165 < 165 © 760} < 165]" 314 760 ‘
85018| <. 165) < - -165 J 140] < 165 " 140 . 140 1.
TCLP Semlvolatlle Organics - Methods 1311 and 827OB Halkg ' : T
CASNo. - R1-8P-01 R2-SP-01 - R7B-SP-01 R23-SP-01 _Average Conc Maximum Conc*  Comments
117817 < 50[J 1"| < - 50|< © 50| 1] " - 1
Total Metals Methods 6010, 7060, 7421 7470, 7471, and 7841 mg/kg . : -
CASNo, -- R1-8P-01 = R2-SP-01 - R7B-SP-01 R23-SP-01 Average Conc Maximum Conc  Comiments
7429905 < _20]<’ . 20| . 780 350 T 293, .. 780
7440393 <.- . 20(< " 20 ©90.0| < - 20 375 .90.0
7440702 < 500|1< - 500, 3,400|< 500 - 1,225 3,400
7440473 2.70f < 1.00 62.0 4.70| . 176 - 820
7440508| < 250{< . 2.50 68.0 8,401 20.4 68.0
7439896 . .o B20f - ' 610 22,000f - 710 5846 ) " 22,000
| 7439921 <, 0.30 0.83 4.30 340{ . 221y 430
7439965| < 1.80] < " 1.50 - 91,0 3.20f - 243 91.0
7439987 < 6.50| < 6.50} . - 15.0 < 6.50 . 863 . 150
© 7440020f < 4.00( < 4,00 ] 21.0[ < 4.00 © - 8.25]. 21.0(-
'7440666| < . 2.00] < 2.00 : 40| - 340 - 445 - 140
TCLP Metals - Methods 1311, 6010, 7060, 7421, 7470, 7471, and 7841 mg/ll. . .
CAS No. - R1-8P-01 . R2-sP-01 R7B-SP-01 R23-SP-01 Average Conc Maximum Conc~  Comments
7429805} < 1.00 < 1.00, 5.90( < 1.00 - 223 . 5.90(. ’
7440702) - < T 250|< . 250 62.0] « . 250} 34.3 62.0
7440473} - < 0.05|< 0.05 043} < 0.05( 0.15 0.43
7439896| < 0.50 16.0] 44.0 ©150f - 15.5 - 44.0].
7439965| <~ 0.08 10.26] 0T < 0.08(. - . '0.30 0.77
7440666 0.31|< 0.10| B 290/B - 087 . 1.05 '2.90] -
Comments: iy

1 Detection Ilmlts greater than the highest detected concentration are excluded from the calculatlons

Notes: :

B Analyte also detected i in the associated method blank, ’ ‘

J Compound's concentration is estimated. Mass spectral data indicate the presence of a compound that meets
the identification criteria for which the result is less than the laboratory detection limit, but greater than zero.
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3.10.3 Off-Specification Treating Solution from Sulfur Complex and HZS
Removal Facilities

3.10.3.1 Descrigtion )

All treating solutions used in ref'mery sulfur removal systems are regeneratlve
meaning the solution is used over and over in a closed system (for example, amines use
multiple absorption/desorption cycles, while Stretford solution undergoes multiple-reversible
reactions). In the following instances the treating solution becomes. "off spec" and cannot be
reused: ~

. Amine systems: At most refineries, amine continuously leaves: the closed
system through entrainment in overhead gas, leaks, and other routes. The
amine is collected in various locations-such as sumps and either returned to the
process or discharged to the refinery’s wastewater treatment (possibly due to
purity constraints).

At some refineries, the cuculatmg amine must be replaced in whole or in part
due to contamination or process upset. Rarely, a refinery may change from -
one amine to another and completely remove the existing amine from the
system -prior to introducing the new: solution.

. Stretford systems: Many refmenes report that a portion of the circulating
Stretford solution must be purged to remove 1mpur1tles in the system. After
purging, some refineries filter out the solids prior to further managing the
spent solution. Stretford systems are used at a smaller number (15) of .
facilities. Unlike amine systems Stretford solution is generally used only in
tail gas treatmg : .

During operation, the treating solution aitematively becomes "rich" (i e., containing H,S)
and "lean" (i.e., containing low levels or no H,S). In all observed cases, a reﬁnery will
generate off-spec treatmg solution'when it is "lean." - :

Approximately 800 MT of off—spec treating solution generated in 1992 was identified
by 6 facilities as displaying hazardous characteristics.!® The facilities designated the wastes
with hazardous waste codes D002 (corrosive), D003 (reactive), D010 (TC selenium), and
D018 (TC benzene). No single hazardous waste code was reported by more than one
facmty

" These percentages do not match up dxrectly with any one of the management scenarios because the pumber of streams and the volume

are a combination of several management scenarios (i.e., managed in WWTP, Subtitle C landfill, trans.fer for reclamatmn, ete.).

s
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3.10.3.2 o rGenerati,o’n and Ménggement

Spent Amine Solution -~ . & . . o . ' ‘
As discussed in Section 3.10.1, the amine sulfur removal process is the dominant
sulfur removal process for gas streams used in the industry. Amine solutions are aqueous
-and are typically stored in covered sumps, tanks, etc. In the 1992 questionnaire, most
- facilities did not report how their off-spec treating solution is stored prior to final
management; thdsc that did indicated storage in'a tank (most common), storage in a
container, or storage in a sump.. . A
' Forty-four facilities reported generating a total quantity of 4,627 MT of spent amine
in 1992, according to the 1992 RCRA §3007 Questionnaire." Residuals were assigned to be
"off-spec treating solution (spent amine)" if they were assigned a residual identification code
~of "treating solution" and were generated from a sulfur complex or H,S removal process.
These correspond to residual codes of "04-B" or "04-C" in Section VIL.A and process code
"15-A" and "15-D" in Section IV-1.C of the questionnaire. Based on the results of the
questionnaire, approximately 123 facilities employ some type of sulfur. removal system (most
of these systems employ treating solution). Many facilities generate this residual on an
' intermittent basis, or only during unusual circumstances such as upsets. Therefore, not all of
these 123 facilities are expected to generate off-spec treating solution.

- Table 3.10.6 provides a description of the 1992 management practices, quantity
generated, number of streams reported, number of streams not reporting volumes (data ,
requested was unavailable and facilities were not required to generate it), total and average',

volumes. -
Table 3.10.6. Generation Stétistics for Spent Amine for H.S Removal, 1992
Final Management™ . - ¥of | #of Streamsw/ | Total Volume 'Av‘emge
. . Streamns | unreported volume (MT) Volume (MT)
Digcharée io onsite wéstewater treatmient facility | = - 40 16 - 1,224.2 S 30.6 |
Discharge to offsite privately-owned WWT facility | 1 0 sz | 1s2
Disposal in onsite.or offsite underground injection .4 0 673.3 , 1 58.3
Disposal in-offsite Subtifle D landfill . 7 0. 200 200
Disposal in offsite Subtifle C landjfill ' 1 0 39 39
Disposﬁ in onsite surface impoundment 3 V 0 R 0.8 | 0.3
‘Neutralization‘ 1 0 0.2 0.2
Onsite boiler 1 0 91 | - o1
Other reco.very o_nsi(é: recy'éle to the procéss "3 s 2.8 5 4.27
Recovery on;ite in catalytic cracker | | 1 ‘ , 0 1,150 . 1,150 | ,
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Table 3.10.6. Generation Statistics for Spent Amine for H,S Removal, 1992

Final Management #of # of Streams w/' | Total Volume |  Average
Streams | unreported volume - (MT) | Volume (T)
Transfer to other offsite entity/amine reclaimer 3 0 166 " 55.3
TOTAL ) 59 20 46274 | 78.4

Spent Stretford Solution -

The second most frequently used process is the Stretford sulfur removal/complex

process.
etc.

Stretford solutions are aqueous and are typically stored in covered sumps, tanks,

Twelve facilities reported generating a total quantlty of 19 254 5 MT of spent
Stretford solution in 1992, according to the 1992 RCRA §3007 Questionnaire. Residuals
were assigned to be "spent Stretford solution” if they were assigned a residual identification
code of "treating solution" and were generated from a sulfur complex or H,S removal '

process.

process code "15-B" and "15-E" in Section IV-1.C of the questionnaire.

These correspond to residual codes of "04-B" or "04-C" in Section VI.A and

Table 3.10.7 provides a description of the 1992 management practlc,es quantity
generated, number of streams reported, number of streams not reporting volumes (data -
requested was unavailable and fa0111t1es were not required to generate it), total and average -

volumes

Table 3.10.7. Generation Statistics for Stretford Solution for H,S Removal, 1992 7

19,254.5

Final Management #of # of Streams w/ | Total Volume Average
: _ Streams | unreported volume omT1) Volume (MT)

D%scharge to onsite wastewater treatment facility 4 2 4,830 1,207.5 -
Discharge to offsite privately-owned WWT facility 3 0 6,111.5 2,037.2 ‘
Disposal in onsite Subtitle D landfill 1 0 711 711
Transfer metal catalyst for reclamation or 2 0 5127 2563.5
regeneration ,
Transfer of acid or caustic for reclamation, 3 0 2,475 825
regeneration, or recovery ' o
TOTAL 13 2 1,481
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'3.10.3.3 ' Plausible Management

Spent Amine

EPA believes that most of the plausrble management practlces for this res1dual were
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3. 10.6. The
Agency gathered information suggesting other management practices have been used in other
- years including: “onsite Subtitle D landfill” (200 MT) and “offsite incineration” (120 MT).
These non-1992 practices are generally comparable to practices reported in 1992 (i.e., off-
" site Subtitle D landﬁllmg and on—s1te boiler, respecuvely)

Spent Stretford Solutlo S l, ' R o

. EPA believes that most of the plausrble management practices for this residual were
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3.10.7. Even
though spent Stretford solution has.different properties, 1t is poss1ble that the solution could
be managed as the spent amine in Table 3.10.6. ' :

i

3. 10. 3.4 Character.ization ’
Two sources of re51dual charactenzatron were developed durmg the mdustry study

. Tables 3.10.8 and 3.10. 9 summarize the phys1ca1 properties of spent amine
- and spent Stretford solutlon as reported in Section VIL.A of the §3007 survey :

Four record samples of spent amine solutron were collected and analyzed by
. EPA. The sample locatlons are summanzed in Table 3.10.10.

No samples of spent Stretford solutlon were avaﬂable from the randomly ,
selected facmtres during record sampling.

~ All of the samples were taken from refinery amine systems and are believed to .
represent the vanous types of spent amine generated by refineries. .No samples from the tail
- . gas system units were collected. Tail gas residuals are expected to be cleaner because the
feeds are cleaner. Therefore, the tail gas treating residuals are expected to exhibit levels of
contaminants no higher than those found in the sampled residuals. No samples of Stretford
‘solution’ were taken. Stretford systems were not used by the facilities randomly selected by
the Agency for record samphng Samples of Stretford solution are expected to exhibit hlgher :
levels of vanadium than amine solution because vanadium is present in new Stretford ' o
- solution; levels of some organic contammants may be lower because most ref'menes .use their
Stretford system to treat low -organic ClaUs unit- tall gas.

‘Several of the samples were taken from the process lme (i.e., at the time of samplmg,
the refinery had no immediate plans to remove the sampled treating solutlon from the
system). However, these refineries indicated they do remove all or part of their circulating
, amme on an 1nfrequent basis due to process upset or excessive contaminant levels. The :
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sampled amine is expected to have contaminant concentrations at least as high as when the
circulating amine is removed from the 'system. Physical propertles such as pH and flash
point are’ expected to be similar as well

All four samples were analyzed for total and TCLP levels of volatiles, semivolatiles,
and metals, pH, total amines, and ignitability. Two samples were also analyzed for reactive
sulfides. One sample exhibited the characteristic of ignitability. A summary of the results is
presented in Table 3.10.11. Only constituents detected in at least one sample are shown in

this table.
Table 3.10.8. Spent Amine: Physical Properties
, # of #of 10th % 50th % 90th %

Pmpem:s . Values Unmned .
pH 36 67 45 91 118
Reactive CN, ppm 5 98 0 5 12
Reactive S, ppm 10 93 1.41 280 7,500
Flash Point, °C 16 87 . -10 906 168.9
0il and Grease, vol% 11 92 0 : 0.1 1
Total Organic Carbon, vol% 16 - 87 0 10 15
Vapor Pressure, mm Hg 12 - 1 30 . 300

: Vapor Pressure Temperature, °C 13 ‘ 90 15 25 50
Viscosity, Ib/ft-sec 10 93 0 0. E 10
Specific Gravity 34 69 1 1.1 LI |
Specific Gravity Temperature, °C 16 87 15 17.5 38
Agqueous Liquid, % 61" 2 0 100 100

| Organic Liquid, % 43 60 ' 0 \ 0 . 100
Solid, % 36 67 0 0 .20

b §

Facilities were not requzred to do additional testing, therefore information provrded was based on previously collected
data or engineering Judgement
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- Table 3.10.9. Spent Stretford Solutlon° Physica! ,Propertibs

‘ S ‘ #of | #of 100 % S0th % - 90th %
I.’mp"ﬁ“ : o - Values _,Ui;;::‘:zed | - : L
PH R B ) 2 | a3 88 | o7
Reactive CN, ppm . | 2 E 9 , 1 | 135 | - 17
Reactive S, ppm ' 2 1 | a1 3,190 6,380
0il and Grease, vol% [ ' 1 20 - 1 1 1
Total Organic Carbon, vol% 4 7 - e -0 1
V;por Pressure; mm Hgv 3 T L5 - 10 20
Specific Gravity s FZ 1| 11 | 1s
COD, mg/lL ’ y 7 100 | 6930 | 6930
Aqueous Liquid, % 9 ¥ e | e 100
Organic Liquid, % '3 19 o 1 0 | o
Solid, % | oo 10 o2 es 0 | 100

Facxlttzes were not required to do addztwnal testmg, therefore mformatzon provtded was based on prekusly collected
- data or engmeermg Judgement , ‘

1

" Table 3 10. 10 Off-Speclficatlon Treatmg Solution Record Samplmg Locatlons

Sample Number Facility L “Descnptlon _ ‘

R11-SA-01 : ARCQ, Ferhdale; WA Reﬁnery DEA system: mrculaung

Ri3_—SA-Ol o Shell, Deer Park, TX . Refmery DEA system cxrculatmg
e . . R | -amine ,

R14-SA-01 | BP, Toledo, OH . | Refinery DEA System: .from sump

collecting knock-out pot liquid, etc,
prior to its exiting the system

R15-SA-01 ‘Total, Ardmore, OK Refinery MDEA system 01rculaung
AT - o amine - . )
3'.10.3;5 - Source Rerluotion

Source reduction of amine involves modlfymg the process During the site visits,
~ information was gathered that several facilities capture the amine for recycling. Two
facilities replaced the cloth filter at the sulfur recovery unit with an etched metal mechanical
filter. The new filter requires less mamtepance and also eliminates amine discharges to the
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wastewater treatment plant due to filter change-outs.

Another two facilities have installed

sumps at the sulfur complex. The sumps capture amine that is drained from the filters
during bag change-outs and recycle it to the amine system. Without the sumps, the amine |
drained from the ﬁlters is discharged to the wastewater treatment plant.

Reference

Stewart, E.J. and Lanning, R.A. "Reduce
Amine Plant Solvent Losses, Part 2."
Hydrocarbon Processing. June, 1994,

Waste Minimization/Management Metho’ds

Process modification.

"Liquid Catalyst Efficiently Removes H,S
From Liquid Sulfur." Oil & Gas Journal.
July 17, 1989,

Lower catalyst quantities needed to
remove H,S in the sulfur degassing
process.

Stewart, E.J. and Lanning, R.A. "Reduce
Amine Plant Solvent Losses, Part 1."
Hydrocarbon Processing. May, 1994.

Process modification.
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., Table 3.10.11. Cpgrac'terizati_on Data‘for Off-Specnficatmn Treatmg Solutlon from Sulfur Complex and H,S Reméval '
] 2 _ :

Volatile Organics - Method 8260A ngL ) : S T
: - CASNo.. = = R11-8A-01 - R13-8A-01° R14-SA-01  R15-SA-01 Average Conc Maximum Conc Comments
Acetone . . ) T B7641) < 25| < 50) < 25 10 10 10 1
Benzene R P . 71432 < .25 < 50 - 88|< - 5L - .42 o 8| -
Toluene - . . i 108883 |. < 25} < - . 50 220 < 5 75 220| - -
o-Xylene - B 95476 | < 251 < . 50]J 241 < 5 15 . 24 A :
m,p-Xylenes * o 11108383 /106423 < 25{< . 50 69| < 5 37 69| ° o
. Naphthalene S - 91203 < - 25| < 50 J "32)< -5 19 ' -32 1
Semivolatile Organics - Method 8270B pg/L ' ' ‘ o : o
. : CAS No. R11-SA-01 R13 SA-01  R14-SA-01  R15-SA-01 Average Conc Maximum Conc Comments
_ Acenaphthene | ) 83320 <’ 50| < 545 180 < 575 “115 . 180] - 1.
* Anthracene - ‘ ' 120127 J 18 < 545 250 < .575 134 - - 250 1.0
Aniline ' » . 62553| < 501 J 540 < 50| < 575 . 213 T 540 1
" Benz(a)anthracene" 7 56553 < 50| < 545(J 34| < 575 34} 34 1.
Bis(2- ethylhexyl)phthalate 3 " 117817 JB 26| <. 5451 J 17 < 575 22 26 1
,Carbazole 86748|. J -80| < 1,080 < 100 < 1 150 - 80 . 80 -1
Chrysene - ' 218019 < 50| < 545 J 7)< 575 . 611 71 1
Dibenzofuran - - 132649 < - 50| < 545 160 < 575 105 ‘ 160 1.
2,4-Dimethylphenol . B - 105679 . .10 < 545(J - - 86|< 575 o098 - - . 10 -1
Fluoranthene - : s 206440| J 17 < 545|< . - B0l< 575 17 . - 17 1
Fluorene . . .  86737] < 50| < 545/ . 1,100|<. - 575 568 1,100
2Methylchrysene ' ; _ 3351324} < 100| < 1,000 J 84| < 1,150 84 : 84 1
1-Methylnaphthalene . o 80120| < 100{ < 1,090 2,500 < 1,150 1,210 - - 2,500 :
2-Methyinaphthalene R 915761 < -« B0|< 545 3,400 < 575/ 1,143} - 3,400 .
2-Methylphenol ‘ - 95487 360 < 545 : 210 <. 575 285 360,  1:-
3/4-Methyiphenol . ) NA ) 1,200| < . 545 1,000 < 575 830 1,200 © .
Phenanthrene S N o J .. B0« - 5451 3,000} < 575 - 1,043 - 3,000
Phenol = " ' - 108952 . 4,400\ < 5451. 3,100| < 575 2,155 - ' 4,400] .
Pyrene . : | J - 25< 545 . - 430|< 575] . 228 |- . 430 1
1-Naphthylamine - . ' ‘ 134327 < 50| < 545| < - 50 230 110l 230 1
< 545| . 150|<

Naphthalene , - . 91203| < 50 575] 100 - : 150 1
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SPENT AMINE

Total Metals - Methods 6010, 7080, 7421, 7470, 7471, and 7841 mglL

CAS No. R11-SA-01 R13-SA-01 R14-SA-01 R15-SA-01 Average Conc Maximum Conc Comments
Aluminum 7429905 0.39] < 0.10] < " 0.10] < 0.10 0.17 0.39
Antimony 7440360 0.81)< 0.03|< 0.03 0.62 0.37 0.81
Cadmium 17440439 0.035] < 0.003({< 0.003 0.025 0.016 | 0.035
Chromium 7440473 0.26] . 0.99 0.021 0.031 0.326 0.990
Cobalt - ) 7440484 0.11)< 0.025| < 0.025 0.099 0.065 0.110
Copper T 7440508] < 0.013] < 0.013 0.034] < 0.013 0.018 0.034
Iron 7439896 39.0 14.0 1.10 0.11 13.6 39.0
Manganese 7439965 d 0.31 2.30 0.043} < - 0.008 0.67 2.30
Potassium 7440097 21.0(< 2.50| < 2.50 22.0 12.0 . 220
Selenium 7782492 0.031 0.61 0.038 0.99| 0.42 0.89
Sodium : 7440235 8.40]< 250 < 2.50 2,300 578 " 2,300

Zinc . " 7440666| < 0.01)< 0.01 0.039(< 0.01] 0.017 0.039

Miscéllan’eous Characterization » ) - )
R11-SA-01 R13-SA-01 R14-SA-01 R15-SA-01 Average Conc Maximum Conc Comments

Ignitability (oF) K ) > 211 T NA > 210 : %0 NA NA

Corrosivity (pH units) ' 10} - 10 8.9 1.5 NA © NA

Reactivity - Total ReleasableH2S (mgiL) | - < - 20 NA . 48 NA NA NA

Amines - Methyldiethanolamine (mg/L) “ND NDj - ~ ND 36,000 -36,000| 36,000

Amines - Et_hanolamihe (mgll) ' : 4,400 4,500 ND ND 4,450 . 4,500

Amines - Diethanolamine (mg/L) ) o 330,000 280,000 41,300 -ND 217,100 330,000
Comments:

1 Detection limits greater than the highest detected concentration are excluded from the calculations.
- * TCLP was not performed because these were liquid samples ’
Notes:’ : :
B Analyte also detected in the associated method blank. ‘ ) , : :
J  Compound's concentration is estimated. Mass spectral data indicate the presence of a compound that meets
the identification criteria for which the result is less than the laboratory detection limit, but greater than Zero.
" ND Not Detected. '

NA Not Applicable.
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3. 11 CLAY FILTERING

Clay belongs to a broad class of matenals designed to remove nnpuntles via
adsorption. - Examples of clay include Fullers earth, natural clay, and acid treated clay.
However, similar materials such as baux1te are also available and used to impart similar
qualities to the product. In addition, materials such as sand, salt, molecular sieve, and
- . activated carbon are used for removing unpuntles by adsorption or other physical ,
- mechanisms. All solid materials discussed in Section 3. 11.1 are termed as "solid sorbents"
for the purposes of def'mmg this. res1dual category. :

3.11".1 . Process Description

Clay or - other adsorbents are used to remove 1mpunt1es from rnany hydrocarbon
streams. Some of these applications. are associated with isomerization, extraction, alkylation,
and lube oil processing; such processes are discussed in the respective sections of this
document. 'Other solid media remove Jimpurities from amine solutions used in hydrogen
sulfide removal systems; such media were discussed in the Listing Background Document.
Solid media used in all other refinery processes are summarized and discussed in thls section.
The principal apphcauons are described below. -

Kerosene Clay Flltermg Clay treatment removes diolefins, asphaltic materials,
resins, and acids; this improves the color of the product and removes gum-forming: unpuntles
*(Speight, 1991). The RCRA §3007 Survey indicates that approximately 90 facilities use this
/process some facilities have multiple treaters or treat different streams, so that an estimated
150 processes exist. Most clay treatment is conducted as-a fixed bed. A typical clay volume

'+~ is 2,000 ft*, distributed in 1 or more vessels. Altemauvely to the fixed bed process, the clay

can be mixed with the hydrocarbon and filtered in a belt press. In addition to kerosene,
some facilities- identify ﬁltermg furnace o1ls through clay and generatmg spent clay in a
_similar manner. -
Catalyst Support in Merox and Minalk Systems. The Merox and Minalk caustic -
treatment systems convert mercaptans to disulfides using oxygen and an organometallic
~ catalyst in an alkaline environment. Depending on the process configuration, the disulfides
~can remain in the hydrocarbon product (a "sweetenmg" process) or the disulfides can be
removed by settling (an "extractive" process). These treatment processes are commonly
~ applied to gasoline, but refinery streams rangmg from propane to diesel undergo this
treatment. . o
The catalyst can either be dlssolved in the. caustlc or can be supported on a fixed bed
Either activated carbon, coal, or charcoal are. typically used as support material for solid
supported catalyst (the hydrocarbon passes over the catalyst, where reaction occurs). These
' materials provide contact area for reaction when the catalyst is dissolved in the caustic. The
RCRA §3007 survey indicates that approximately 25 facilities (using 40 processes) reported
generating spent carbon, coal, or charcoeal from these processes; additional facilities likely
generate this residual but did not report generation in the questionnaire because the res1dual
~ is typically generated. 1nfrequently :
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Drying. Water is removed from many hydrocarbon streams ranging from diesel fuel
to propane. Water must be removed for reasons including: (1) product specifications (e g.,
jet fuel has low tolerances for water content), and (2) reactor feed preparation (e.g., precious
metal catalysts are often poisoned by water). Salt and sand are commonly used for the first
application, while molecular sieve is commonly used for the second application.

When hydrocarbon is passed through a fixed bed of sand, the moisture collects on thé

-sand particles and eventually settles to the bottom of the vessel, where the water is removed.

In a salt drier, water in the stream dissolves salt (e.g., sodium chloride) which then collects
in the vessel bottom and is periodically removed As a result, the vessel reqmres periodic
topping with solid salt.

Salt and sand treaters can be found throughout the refinery to treat hydrocarbons
ranging from diesel to propane. They are commonly found following aqueous treatments
such as caustic washing, water washing, or Merox caustic treatment. In these treatments, the
hydrocarbon is contacted with the aqueous stream; the hydrocarbon then passes through salt
or sand to remove residual moisture. The RCRA §3007 questionnaire indicates that .
approximately 60 facilities (using 150 processes) reported generating spent salt or sand from
these processes; additional facilities likely generate this residual but did not report generation
in the questionnaire because it was not generated in 1992

Molecular sieves are most commonly used to selectively adsorb water and sulfur
compounds from light hydrocarbon fractions such as propane and propylene. The
hydrocarbon passes through a fixed bed of molecular sieve. After the bed is saturated, water
is desorbed by passing heated fuel gas over the bed to release the adsorbed water and sulfur
compounds into the regeneration gas stream, which is commonly sent to a flare stack.
Molecular sieves are often used for drying feed to the isomerization unit and HF acid
alkylation unit, applications that are discussed in Sections 3.4 and 3.5, respectively, of this
document. Other applications include drying propane or propylene prior to entering the
Dimersol unit, drying naphtha entering the reformer, and feed preparation for other reaction
units. Molecular sieves are also used to dry light-end product streams from the
hydrocracker, catalytic reformer, and light-ends recovery unit. Less common uses also exist
for molecular sieves including the separation of light-end fractions such as methanol, butane,
and butylene. In total, the RCRA §3007 questionnaire mdlcates that approx1mate1y 70
facilities (using 150 processes) reported generating spent molecular sieve; this includes the
applications of HF acid alkylation and isomerization that are discussed elsewhere in this t
document, but excludes additional facilities that are hkely generate th1s re31dua1 but d1d not
report 1992 generation in the questionnaire.-

Sulfur and Chloride Guards in Catalytic Reforming. As discussed in the Listing
Background Document, catalytic reforming units require a platinum catalyst; this catalyst is
readily poisoned by sulfur compounds. To prolong catalyst life, many refineries install
sulfur traps to remove sulfur compounds prior to the reforming catalyst bed. This material -
can consist of granular or pelletized metal oxides, such as copper or magnesium. .These -
materials (1) remove H,S, (2) convert mercaptans to H,S and organic sulfides, and (3)
remove generated H,S. The material can be desorbed, reactivated, and reused (Perry’s,
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- 1950). "Alumina also is used to. treat light naphtha prior to isomerization (which also uses
precious metal catalyst). The RCRA. §3007 questionnaire indicates that approximately 20
facilities reported generating spent sulfur guards from 35 applications, most often as guards
for reforming and isomerization reactors. Additional facilities may employ sulfur guards but
did not report generation in the questionnaire because the residual is typically generated

. infrequently. - . ' - A 3

Alumina beds may be used to remove chlorides from the hydrogen produced from the
reforming proceSs. _The hydrogen is then used throughout the refinery. The alumina bed is
. expected to last for 24-30 months prior to chloride breakthrough, when replacement of the
- alumina is required. Reformate from the reformer may also be passed through alumina to
remove chloride. The RCRA §3007 questionnaire indicates that approximately 15 facilities
reported generating spent chloride guards from 25 applications, most often in the reforming
process. ' : ‘ : - :

Propane Treating by Alumina. An activated alumina bed is used to de-fluorinate -
‘propane generated from a propane stripper. The propane then is dried in a sand tower and a
drier which also contains alumina. Both the defluorinator and drier periodically generate
» spent alumina. - ‘ ; : '

Particulate filters. Entrained solids can be removed by in-line cartridge filters. -
These cartridges are commonly used for finishing kerosene, diesel fuel, etc., prior to sale.
Approximately 10 facilities reported generating spent cartridges from 20 applications,
according to the questionnaire results. IR R

- In most of the applications discussed above, the use of solid media such as clay, sand, -
~etc. are not the only options refineries have in imparting the desired properties on a product.
For example, drying can be conducted by simple distillation. Hydrotreating and caustic .
treating are common alternatives to the clay treatment of jet fuel by removing undesirable
contaminants from the kerosene/jet fuel fraction. And, as discussed above, the Merox '
process can be conducted with or without solid supported catalyst.
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3.11.2 Treating Clay from Clay Filtering
3.11.2.1 Description

Generated at many places in the refinery, spent solid sorbents have liquid contents
ranging from very low (e.g., for molecular sieves treating light hydrocarbons) to oil-.
saturated material (e.g., for clay used for treating kerosene). The substrate i$ either
inorganic (such as alumina, zeolite, or clay) or organic (such as activated carbon). Most
applications are fixed bed, where the material is charged to vessels and the hydrocarbon
passed through the fixed bed of solid sorption media. The fixed bed can remain in service
for a period of time ranging from several months to 10 years, depending on the application.
At the end of service, the vessel is opened, the " spent" material removed and the vessel
recharged.

3.11.2.2 Generation and Managemenf

The spent clay is vacuumed or gravity &umped from the vessels into piles or into >
containers such as drums and roll-off bins. The RCRA §3007 questionnaire and site visits
indicate that very few other interim storage methods are used.

In 1992, approximately 30 facilities reported that 1 700 MT of this residual was
managed as hazardous. The most commonly designated waste codes were DOOl (ignitable),
D008 (TC lead), and D018 (TC benzene).”® This is consistent with how the residual was
reported to be managed in other years. :

One hundred facilities reported generating a total quantity of approximately 9,000 MT
of this residual in 1992, according to the 1992 RCRA §3007 Questionnaire. There was no
reason to expect that 1992 would not be a typical year with regard to this residual’s
generation and management. Residuals were assigned to be "treating clay from clay
filtering" if they were assigned a residual identification code of "spent sorbent" (residual
coded "07") and were not generated from a process identified as an alkylation, isomerization,
extraction, sulfur removal, or lube oil unit (process codes "09," "10," "12," "15," and "17,"
- respectively) (sorbents from these units are discussed eisewhere in this document or in the
Lzstzng Background Document). - The frequency of generation is highly variable as dlscussed
in Section 3.11.1. Table 3.11.1 provides a description of the 1992 management practices,
quantity generated, number of streams reported, iumber of streams not reporting volumes
(data requested was unavailable and facilities were not requlred to generate it), total and
average volumes. :

The wide array of management methods reflect the numerous applieations of sorbents.
For example, disposed salt from salt driers can be managed in onsite wastewater treatment
plants, cement plants can accept spent alumina, and catalyst reclaimers can accept sulfur

These percentages do not match up directly with any one of the management scenarios because the number of streams and the volume
are a combination of several management scenarios (i.e., managed in WWTP, Subtitle C landfill, transfer as a fuel, etc.).

0 .
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sorbers having recoverable metals.

The large quantlty dlsposed however demonstrates that

for most apphcatlons and refineries the spent clay is seen as a low value solid waste.

“Table 3.11.1. Generation Statistics for Treating Clayvf'rom Clay Filtering, 1992
Final Management | . # of » # of Streams | Total Valame Average
' . Streams w/ unreported MT) Volume (MT)
‘ 1 volume .
D.is‘cherge to onsite wastewizter treatment facilr'ty 14 - ’3 . h 514 : 36.7
Disposal in offsite Subtidle D landfil 91 ‘0 3,642.1 40
Disposal in, offsite. Subtidle C landfil 42 0 1,735 4.3
. Disposal in onsite Subtidle C landfill . 1 1 524 524
Disposal in onsite Subtitle D landfill 15 0 1,031.9 68.8
‘Evaporation 1 0 79 7.9
Offsite incineration 7 0 4.1 6
" Offsite land treatment . 9 0 198.3 2
Onsite land treahnent 16 0 923.1 57.7
Other disposal onsite: bioremediation, fill material; 5 0 574 11.5
or. onsite berms . ) : ’
Other recovery onsite: recycle to process 1 ‘0 ] : 20.1 | 20.1
,Otkeﬁreeyeb'ng, réclamation, or reuse: cement plant S 0 ' 161.4 , 32.3>
 Offsite filter recycling o 2 0 38 | 19
Storage in pile .2 - 0 128 64 .
Recovery i coker 1 0 20 .20
Transfer for direct use as a Juel or to make a fuel ' 1 7 0 95 95
Transfer JSor use as an mgredzent in products placed 6 . | 0 -175.8 .29.3°
" on the land ‘ : - ”
Transfer metal catalyst for reclamatwn or . 1 0o | . 0 ( 89.{ 8.9 .
regeneration :
Transfer to ot.her offsite entitjr;’carbon regeneraﬁon | 2 o 53.6 26. 8
. Transfer with coke‘ product or other refinery prodtzct 1 0- . 4.5 4.5
TOTAL o 232 4 8,990 | 388
3.11.2.3 Plausible Manag' ement

EPA believes that most of the plau51ble management practlces for this residual were
reported in the 1992 RCRA §3007 Survey, as-summarized above in Table 3.11.1. The
Agency gathered mformatlon suggesting other management practices have been used in other
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years including: "other recycling, reclamation, or reuse: unknown" (1 MT); "other
recycling, reclamation, or reuse:. onsite road material” (13.5 MT) and "reuse as'a
replacement catalyst for another unit" (5 MT). These non-1992 very small management
practices are comparable to the recycling practices reported in 1992. -

3.11.2.4 Characterization
Two sources of residual characteﬁzation were deyeloped during the industry study: ..

. Table 3.11.2 summarizes the phys1ca1 propert1es of the spem clay as reported
m Sectmn VIL.A of the §3007 survey.

. Four record samples of spent clay were collected and analyzed by EPA.
These spent clays represent some of the various types of apphcatlons used by
the mdustry Sampling information is summanzed in Table 3.11. 3

The collected samples are expected to be representative of treatmg clay from kerosene
treatment. Section 3.11.1 shows that kerosene clay treatment represents-the highest single
use of sorbents in refineries (outside of the sulfur recovery, isomerization, and alkylation
processes that are not included in the scope of this study residual). In addition, a cursory
review of the 1992 generation data presented in Section 3.11.2.2 shows that the 1992
generation rate of spent kerosene treating clay represents at least half of the total 1992
quantity from all sources 1dent1fied in Section 3.11.1.

One of the samples is representatlve of a sulfur guard bed. Other apphcanons of
spent sorbents (discussed in Section 3.11.1) are not well represented by the record samphng
Specifically:

* Spent activated carbon from Merox treatment, salt and sand from product
drying, particulate filters, and chloride removal beds are not expected to
resemble these materials.

. Spent molecular sieves and alumina are not represented by the collected record
samples. However, they may be represented by the record samples of
isomerization treating clay and alkylation treating clay, discussed in Sections
3.4 and 3.5, respectively. -

All four record samples were analyzed for total and TCLP levels of volatiles,
semivolatiles, and metals. Two samples were analyzed for 1gmtab1hty and ail were analyzed
for reactivity (pyrophoricity). One of the samples was found to exhibit the ignitability
characteristic. High manganese concentrations in one sample result from the adsorbent
make—up A summary of the results is presented in Table 3.11.4. Only constituents detected
in at least one sample are shown in this table.
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Table 3.11.2. Treating Clay from Clay Filtering: ‘PhAysical' Properties
T tof | 1ma | smw | omw

Properties o . Values Unreported :
. : T Values' -
D S 171 334 46 76 |- 104
Reactive CN, ppm 100 | 405 e | es 50
Reactive S, ppm 106 | 309 0 10 125
Flash Point, °C ol om0 s 2 933 | 200
0il and Grease, vol% = - _ 4 | 411 0 1 17.5
Total Organic Carbon,‘voléo B 50 455 10 1 : 55

1 Specific Graviey L 167 338 07 13 2.6
Specific Gravity Temperature, °C - 50 455 s 20 25
BTU Content, BTU/b B Y 2,000 .| 13,500
Aqueous Liguid, % -~ | 230 a5 | o EE 103
Organic Liquid, % v 0 | 25 | o 0 5
Solid, % . . 346 159 $9.0 100 100
Particle >60 mm, % o 59 | aws | o | o 100
Particle 1-60 mm, % . 91 414 0 100 100
Particle 100 pm-1 mm, % 3 R EEEPS 0 0 .| 100
Particle 10-100 pm, % 54 451 0 0o . 20
Pérticze <10 pm, % " o e 456 0 0 " 0
Median Particle Diameter, microns 48 457 -0 “ 000 | 3,000 .

! Facilities were not requlred to do addmonal testmg, therefore information provided was based on prevxously collected data v
.or engineering judgement. . ) o S

N Table 3.11.3. Treating Clay Record Sampling Locations |
‘Sample # Facility ‘ .. | Description ‘ _ k
R1-CF-01 ) Mérathon Indiariapolis, IN kerosene/Jet treatmg clay (ﬁxed bed A
. L : process). - o o
R6-CF-01 | Shell Norco, LA ‘ ' | kerosene/jet treating clay (bag filter
‘ o ; = - | process, generated daily)
R11-CF-01 | ARCO Ferndale, WA reformer unit sulfur trap
R23-CF-01 Chevron, Salt:Lake City, uT kerosene/ jét ff.eating clay’
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Table 3.11.4. Residual Characterization Data for Treating Clay

Volatife Organics - Method 8260A pg/kg

. CAS No. R1-CF-01 R6-CF-01 R11-CF-01 R23-CF-01 Average Conc Maximum Conc Comments
Acetone 67641 260,000 < 565| < 25| < 1,250 65,460 260,000
Benzene 71432 < 125,000 8,500 540| < 1,250 3,430 8,500 1
n-Butylbenzene 104518] < 125,000 94,0001 < 25]< 1,250 31,758 94,000 1
sec-Butylbenzene 135988 - < 125,000 54,000 < 25] < 1,250 18,425 54,000 1
Ethylbenzene 100414| < 125,000 76,000) J 28 2,800 26,276 76,000 1
Isopropylbenzene 98828 < 125,000 44,000 < 25) < 1,250 15,092 44,000 1
p-Isopropyitoluene : 89876 < 125,000 . 59,000] < 251 < 1,250 20,092 "~ 59,000 1
n-Propylbenzene 103651| < 125,000 70,000} < 25| < 1,250 . 23,758 70,000 1
Methylene chloride 75092 < 125,000 < 565 100} < 1,250 100 100 1
Toluene 108883 < 125,000 140,000 340 3,600 67,235 140,000
1,2,4-Trimethylbenzene ‘ 95636 " 580,000 620,000 < 25 - 32,000 . 308,006 620,000
1,3,5-Trimethylbenzene 108678 < . 125,000 210,000f < 25 13,000 87,006 210,000
o-Xylene 95476 < 125,000 180,000 89 7,200 78,072 180,000
m,p-Xylenes 108383 / 106423 300,000 380,000 130 23,000 . 175,783 380,000
~ Naphthalene - . - "91203 310,000 350,000 < 25 9,800 167,456 350,000 -
[TCLP Volatile Organics - Methods 1311 and 8260A pg/L -
CAS No. - R1-CF-01  R6-CF-01 R11-CF-01 R23-CF-01 Average Conc Maximum Conc. Comments
Acetone - 67641 43,000| < 50| < 50(B 100 10,800 . 43,000 -
i Benzene ) 71432 <. 1,250 100 J . 441 < 50 65 100 1
Ethylbenzene ‘ 100414 < . 1,250 ' - 190f < 50| < 50 97 190 1
Methylene chloride . . 75092| - 2,600| < 50 1,700 < 50 ©o1,100f 2,600 oo
Toluene ’ 108883 |. < - 1,250 850 2104 < v 50 . 370 . 850 1
1,2,4-Trimethylbenzene - ) 95636 4,900 840| < .- 50| J 62 1,463 ' 4,900
- 1,3,5-Trimethylbenzene 108678| < 1,250 : 270} < 50( < 50f. 123 ) 270 1
_ - o-Xylene . 95476] < 1,250 : 610} < 501 J 44| . 235 " 610 1
- . m,p-Xylene ' 108383 /106423] < 1,250 1,200 < - 50 110 453) - "~ 1,200 1
Naphthalene 91203 < 1,250 o 850f < -804 J 7 257 , 650 1
N ) &
Semivolatile Organics - Method 8270B pglkg o , |
. CAS No. R1-CF-01 R6-CF-01 " R11-CF-01 . R23-CF-01 Average Conc Maximum Conc Comments
Bis(2-ethylhexyl) phthalate 117817 < 6,600 < 4125 J . 100 < - 4,150 TH00( - 100 1
Carbazole | ) 86748 < 13,200} < 8,250, < 3301 J 6,000 . 3,65} - - 6,000 1
Di-n-butyl phthalate - 7 : 579761 < 6,600| < 4,125 - 420] < 4,150 © 4207 - 420 1
Dibenzofuran X 132649 < 6,600 J 24,000| < 165 < 4,150 8,729 24,000
Fluorene ’ 86737| < 6,600] < - 4,125) <. - 165 20,000 |- 7,723 - 20,000 ’ LT
2,4-Dimethylphenol 105679| < 6,600| < 4125{ 2500 < 4,150 2,500 - 2,500 1 ' )
2-Methylphenol - ' -95487| < 6,600] < 4,125 9,000 < 4,150 5,969 | 9,000
3/4-Methylphenot . NA < 6,600 < 4,125 30,000 < 4,150 11,219 30,000
1-Methylnaphthalene - - 90120 980,000 890,000 < 165 78,000 487,041 980,000
2-Methylnaphthalene T 91576 150,000 1,200,000| < 165 92,000 360,541 1,200,000
‘Naphthalene : : - 91203 " 120,000 . 740,000| < 165 43,000 225,791 740,000
- Phenanthrene 85018} <.- - ~6,600( J - 4,800} < 165 o 25,000 9,141 25,000
- <

-Phenol - " 108952

6,600| < 4,125 20,000 < 4,150 8,719 20,000
142 S - _




Bis(2-ethylhexyl) phthalate
Dibenzofuran - -
' Di-n-butyl phthalate
2,4-Dimethylphenol
Fluorene
1-Methyinaphthalene
2-Methylnaphthalene

- Naphthalene T
* 2-Methylphenol
3/4-Methylphenol (total)
Phenol ‘

!

Aluminum
Arsenic
Barium.

" Beryllium

© Calcium
Chromium.
. Cobalt
Copper
Iron

Lead
Magnesium
Manganese
‘Mercury
Molybdenum
Nickel -
Potassium
Selenium
Silver
Sodium
Vanadium
Zinc -

CAS No.
117817
132649
- 84742
105679
86737

91576
91203
95487
NA
108952

CAS No.
7429905

7440393
7440417
7440702
7440473
7440484
7440508
7439896
7439921
7439954
7439965
7439976
7439987
7440020
7440097
7782492
7440224
7440235
7440622

7440666

90120

7440382 |

<

R1-CF-01
290
- 50
50
350

50|

190
220
600
310
580

50

R1-CF-01 -

12,000
-3.20
78.0
3.80

- 4,500
37.0
12.0
2.50
9,400
4.80
9,400
130

.0.05]

6.50
16.0
- 1,400

'0.501{"

"~ 1.00

34,000 -
37.0}

47.0

R6-CF-01
J 16
J 17

B - 19|
J 73|

J o4
550

780

.- 700
< 50

< 50

< 7 50

R6-CF-01
6,800
1.00
20.0

0.50|

16,000
24.0
5.00
2.50

© 3,800
1.90
10,000
©140
0.05
6.50
4.00
500
0.50
1.00
500
21.0

19.0{

[FCLP Semivolatile Organics - Methods 1311 and 82708 yglkg

R11-CF-01
' 250
250

250
1,400
250

250

. 500
250
7,800
6,300

2,300 |

. [Total Metals - Methods 6010, 7060, 7421, 7470, 7471, and 7841 mg/kg
~ R11-CF-01

110,000
14.0
20.0

. 0.50
" 500
34.0

34.0|

5.30

- .97.0
2.70
500
,000
0.05
14,0
4.00
500
22.0

700

500
340
2,00

* R23-CF-01 ‘Average Conc  Maximum Conc Comments

50
- .50
- - 50

50|

50

130

120
140
50
50

- 50

R23-CF-01
13,000
160
59.0

- 2,50

4,400{ "
30.0|
11.0]

620
9,800
6.00
9,300
120
0.26
6.50
31.0
1,300

. 050
1.00
500
35.0
55.0

152

17|
19

468
41
280
405
423
2,053
1,745
613

~

_Average Conc Maximum Conc’ ‘Comments
35,450 | - . ‘

8.56
44.3
1.83
- 6,350

155
158
5,774
3,85
7,300
37,598
0.10
8.38
13.8
925
5.88
183

8,875,

31.8

30.8

335

290
17
19
1,400
41
550
780
700
7,800
6,300{
2,300

110,000
16.0} -
780"

. 3.80
16,000
39.0
34.0
620
9,800
6.00
10,000
150,000
026
- 14.0
31.0
1,400
22.0
70.0
34,000
- 370
55.0




TCLP Metals - Methods 1311, 6010, 7060, 7421, 7470, 7471, and 7841 mg/L
CAS No. _ R1-CF-01 R6-CF-01 R11-CF-01 R23-CF-01 Average Conc Maximum Conc Comments
Aluminum 7429905] < 1.00] < 1.00] < 1.00 3.90 1.73 3.90
Arsenic 7440382 < 0.05{ < 0.05| < 0.05 0.13 0.07 0.13
Calcium 7440702 54 590f < 25.0 60.0 182 590
Copper 7440508 < 0.13| < 0.13} < 0.13 ©0.89 0.32 0.89
[ron 7439896 < 0.50| < 0.50| < v 0.50 1.00 0.63 1.00
Magnesium 7439954 | < 25.0 81| < 25.0(< 25.0 41.5 91.0
Manganese 7439965 < 0.08 2.60 1,400 0.85 351 1,400
Silver ' 7440224 < 0.05| < 0.05 .0.10| < 0.05 0.06f 0.10
Zinc 7440666 | < 0.10| B 0.76] < 0.10|B 0.27 0.31 0.76
Miscellaneous Characterization : :
' : o : R1-CF-01 R6-CF-01 R11-CF-01 . R23-CF-01 Average Conc Maximum Conc Comments
. ~ Ignitability ( oF ) | 185] 131 ' NA| NA| - NA . NA

Comments: . ‘
1 Detection limits greater than the highest detected concentration are excluded from the calculations.
‘Notes:
- B Analyte also detected in the associated method blank
J Compound's concentration is estimated. Mass spectral data indicate the presence of a compound that meets
the identification criteria for which the result is less than the laboratory detection limit, but greater than zero. -
ND Not Detected. .
NA Not Applicable.
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3.11.2.5 - Source Reduction

One facility reported that its jet fuel treaﬁng clay is regenerated’ once by back-washing
the clay bed with jet fuel to "fluff" the clay and alleviate the pressure drop. -
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3.12 RESIDUAL OIL TANK STORAGE

Almost every refinery stores its feed and products in tanks onsite. Occasionally
(every .10 to 20 years), tanks require sediment removal due to maintenance, inspection, or:
sediment buildup. These tank bottoms are removed by techmques ranging from manual
shoveling to robotics and filtration.- Res1dua1 oil tank sludge is a study res1dua1 of concern

Residual oil is generally considered to be equlvalent to No. 6 fuel oil which is a
heavy residue oil sometimes called Bunker C when used to fuel ocean-going vessels.
Preheating is required for both handling and burning. It is typically produced from units
such as atmospheric and vacuum distillation, hydrocracking, delayed coking, and
visbreaking. The fluid catalytic cracking unit also contributes to the refinery’s heavy oil
pool, but EPA terms this material "clarified slurry oil," or CSO, and discussed this product
separately in the Listing Background Document (October 31, 1995). ‘ '

According to DOE’s Petroleum Supply Ann_ual, approximately 400 million barrels of
“residual oil" was domestically used in 1992 (including imports and exports). The use
profile in 1994 was as follows (DOE’s Fuel Oil and Kerosene Sales 1994):

Sector 1990 Consumption of Residual Fuel Oil
Electric Utility 40% .
Shipping : : 35%

Industrial : 15%

‘ Commercial and Other 10%

The larger utilities often have their own spemficatmns when purchasing residual fuel oil.
These can include sulfur, nitrogen, ash, and vanadium. - The current ASTM standard for No.
6 oil (D-396) specifies only three parameters: minimum flash point (of 150°F), maximum
water and sediment (of 2 percent), and a viscosity range (Bonnet, 1994). Thus, the
characteristics of residual oil, and the generated tank sludge, can vary greatly dependmg on
the buyer and the refinery / .

3.12.1 Residual Oil Storage Tank Sludge :

In 1992, 125 U.S. refineries reported apprommately 717 residual oil storage tanks
From the survey, tank volume was reported for about 10 percent (73) of these tanks’
(excluding outliers); the average tank volume was approximately 77,000 barrels;, DOE's
Petroleum Supply Annual 1992 reported that refineries produced about 327 million barrels of
No. 6 fuel oil or residual oil or apprommately 900,000 barrels per day (this likely mcludes
CS0).

3.12.1.1 Description
Residual oil tank sludge consists of heavy hydrocarbons, rust and scale from process

pipes and reactors, and entrapped oil that settles to the bottom of the tank. It can be n
manually removed directly from the tank after drainage of the residual oil or, commonly,
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removed using a vanety of 011 recovery techmques "The recovered oil is retumed generally
to slop 011 storage while the remalmng solids are collected and discarded as waste.

Once a: tank is taken out of service, many refineries use in situ and ex szzu oil’
recovery techniques. Common in situ oil recovery techniques include ot distillate Washmg,
and steam stripping. This allows entrapped oil to float to the top of the sediment layer and
be recovered: prior to removal of the sediment from the tank. Ex siru recovery methods are
usually performed by a contractor at the tank site and include filtration, centrifuging, and
- settling. Separated oil is recycled back to the process or sent to the slop oil tanks, and the -

water phase is sent to the wastewater treatment plant (WWTP). The solids are managed in a
variety of ways, but pnmanly are d1sposed of in Subtltle C and D landfills (78 percent in
v 1992) ' :

- Many refmeries 'reduce tank bottom buildup with in-tank mixers. Mixers keep the
: sedunents or sohds contmuously in suspens1on SO that they travel w1th the resxdual oil.

In 1992, less than one. percent of the volume of residual oil tank bottom sludge was
reported to be managed as hazardous.?! Of the few refineries that reported a hazardous
- waste de51gnat10n for this residual in 1992, only one reported a hazardous waste code (the
~ others spe01ﬁed handhng the sludge as hazardous without des1gnat1ng a code).

3.12. 1 2 Generatlon and Management

The refineries reported generatmg 9, 107 MT of residual .oil tank bottom sludge in
1992. Residual oil tank sludge includes sludges from No. 6 oil and similar product tanks.
Sludges from tanks 1dent1f1ed as containing a mixture of residual oil and clarified slurry 011
were included in the scope of K170 and are omitted here. Residuals were assigned to be -
"residual oil tank sludge" if they were as51gned a residual identification code of "residual oil
. tank sediment," corresponding to residual code "01-B" in Section VII.1 of the questionnaire.
Process wastewaters, decantates, and recovered oils (e. g., from deoﬂmg or dewatenng A
+ operations) were eliminated from the analysis. These correspond to residual codes *09,"
- "10," and "13" (newly added "recovered o0il") in the questionnaire. Quality assurance was -
conducted by ensunng that 41l residual oil tank sludges previously identified in the
questionnaire (i.e., in Section V. .D) were assigned in Section VII.1. Table 3.12.1 provides a
description of the. 1992 management practlces quantity generated number of streams report-
ed, number of streams not reportmg volumes, and average volumes.

When cleamng a tank it is common for reﬁnenes to use some type of in situ
treatment, such as washing with lighter fuel, to recover oil from the top layers of sludge
where there is a high percentage of free oil. However, treatment or recovery practlces after -
~ this depend on the refinery’s planned final management method. If land disposed (as most
residual oil tank sludge was in 1992), low free liquid must be achieved; such levels can be.
achieved by sludge ‘deomng/dewatenng or stabilization. A refinery may conduct this

S These percentages do not match up directly wnh any one of the management scenarios because the number of streams and the volume

are a combination of several management scenarios (r e., managed in W WT P Submle C landfill, recovery onsite in coker, etc. )
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treatment for only some of the waste (e. g the top layers); in the deeper sections of sludge . -
where free liquid levels are lower no treatment may be performed. In addition to lower

liquid levels, treatment or deoiling may be used to achieve lower levels of benzene or other
hazardous properties.

Table 3.12.1. Generation Statistfc's for Residual Oil Tank Sludge, 1992 i
Final Management #of . # of Streams w/ | - Total Volume Average
: Streams | unreported volume |.- o) Volume (MT)

Discharge to onsite wastewater treatment facility 1 . .0 47 47
Disposal in offsite Subtitle D landfill | ) 13 4 6,458 496.8
Disposal in offsite Subtitle C Iandﬁﬁ 8 0 622 | 77.8
Disposal in onsite Subtille C landfill 2 0 4 2
Disposal in onsite Subtitle D-landfill 3 0 304 | . 101
Disposal in onsite surface impoundment 1 01 ‘ 132 , 13;2
Offsite land treatment 1 1 4 4
Ounsite land treatment 2 0 - 530.4 ' 265.2
Other recycling, reclamation, or reusé: cover for' 1 0 7.2 A ' 7.2
onsite landfill - .
Recovery onsite via distillation 1 3 310 310
Transfer for use as an ingredient in products 1 ‘ 0 35 S 35
placed on the land '
Transfer to another petroleum refinery 1 IR B | 927, 927
TOTAL | 35 A 8 | 107 | 260.2

3.12.1.3 Plausible Management

EPA believes that most of the plausible management practices for this residual were
reported in the 1992 RCRA §3007 Survey, as summarized above in Table 3.12.1. The
Agency gathered information suggesting other management practices have been used in other -
years including: “recovery onsite in an asphalt production unit” (9.2 MT), “transfer for
direct use as a fuel or to make a fuel” (380.8 MT), “transfer with coke product or other
refinery product” (5 MT), “onsite industrial furnace” (39 MT), "recycle to process"

(unknown quantity), "recovery in coker" (unknown quantity), and "recovery in a catalytic
cracker” (unknown quantity). These non-1992 management practices are generally
comparable to the recycling pract1ces reported in 1992.

-

3.12.1.4 Characterization

Two sources of residual characterization were developed during the industry study:
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e Table 3.12. 2 summarizes the physxcal properues of re51dual oil tank sludges as .
- 'reporced in Sectlon VIL. A of the §3007 survey.

. Two record samples of actual residual oil sludge were collected and analyzed
. by EPA. These sludges represent the various types of treatment typlcally used

by the mdustry and are, summanzed in Table 3.12.3.

. Table 3.12.2. Residual Oil Tank Slﬁdge:‘ Physical Properties |
- #of #of 1006 % | Mean 90tk %

Properties VM Umned .
pH ) 39° ' 55 L7 8.5
Reactt:ve CN, ppm 27 99 0 0.3 5
Reactive S, ppm 27 99 0 25 15
Flash Point, °C 4 84- 60 93.3 140
0il and Grease, vol% 36 90 9 341 99
Total Organic Carbon, vol% 20 g 106 3.5 51 85.3
Vaﬁor Pz'essure, mm Hg - 11 115 0 0.1 10
: Vaper Pressure Temperature, °C 9 117 ‘ 25 37;8 . 38
Viscosity, Tb/fi-sec 6 120 . 0.01 50.2 500
Specific Gravity' 30 © 96 0.9 12 2.4

|l BTU Content, BTUM 16 110 600 5,000 20,000
Aqueous Liquid, % 78 48 0 0 50
Organic Liguid, % 82 4. 0 18 86
Solid, % 91 35 -1 60 100
Other, % 65 61 0 0 0
Particle >60 mm, % 4 12 0 0 0
Particle 1-60 mm, % 6 120 0 50 100
Particle 100 pm-1 mm, % 5 121 0 /50 100
Particle 10-100 um, % 4 122 0 R 1
Particle <10 pm, % 4 122 0 0 0
Median Particle Diameter, microns 3 123 0 0 15,000

H

Faczlztzes were not requtred to do addztwnal testmg, therefore mformatwn provzded was based on prekusly collected

data or engineering Judgement
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Table 3.12.3. Residual Oil Tank Sludge Record Sampling Locations |
? 1Sample No. Facility ‘ . Description: - ‘

R8B-RS-01 Amoco, Texas City, TX Residual oil and CSO mixed:.! Cleaning
' procedure: pumped down, mixed with
diatomaceous earth removed with -
backhoe.

R22-RS-01 Star, Port Arthur, TX | Residual oil.> Cleaning procedure 7‘
: washed with lighter oil, centnfuged to
generate cake. ‘

¢

! The refinery has a fluid catalytic cracking unit and generates CSO.  An unknown quantity of CSO was stored i in
the sampled tank.

* The refinery has a fluid catalytic cracking unit and generates CSO. It is unknown if, or to what extent, CSO was
stored in the sa.mpled tank.

Table 3.12.4 provides a summary of the characterization data collected under this
sampling effort. The record samples collected are believed to be representatwe of resrdual
oil tank sludges generated by the industry.

The samples collected of the composite of oily and de-oiled sediment are
representative of industry treatment practices. As reported in the RCRA 3007
questionnaires, 10 of the 34 residual oil tank sludges (30 percent) that were ultimately
managed in a land treatment or landfill in 1992 were deoiled in some manner, most often by
filtration or centrifuge. This management resulted in-volume reduction averaging 55 percent.
Another 7 (20 percent) were stabilized, resulting in the volume increasing by an average of
55 percent. The remaining 17 residuals (50 percent) were not reported to be treated ex sity -
in any manner. The sampled refineries represent two alternative interim management
procedures: free liquid reduction using stabilization (Amoco), and ex situ deoiling (Star).
Therefore, the record samples represent the various types of ex sitzu treatment typically
performed for residual oil tank sludge, but may not fepresent cases in which no treatment is
performed. However, the same contaminants will be present in all three types of sludge
(i.e., deoiled. stabilized, and untreated), but their levels may differ.

As illustrated in Table 3.12.4, none of the record samples exhibited a hazardous
waste characteristic. Only const1tuents detected in at least one sample are shown in this
table.

3.12.1.5 Source Reduction

Only a small quantity of sludge was reported to be deoiled in 1992, as reported in the
§3007 survey. Of the 34 residuals disposed in landfills or land treatment units in 1992, 10
residuals, totaling approximately 1,000 MT. The remaining 24 residuals, totaling
approximately 7,600 MT, were reported to be untreated or underwent volume addition .
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treatment (such as stabihzatlon As stated in Sectlon 3.12.1.3, the average volume reduction
"-achieved by deoiling was 55 percent (as calculated from those facilities provrdmg sludge
' quantltles prior to and followmg deoiling in 1992) ’

In situ oil recovery techmques can greatly reduce the total amount of res1dua1 oil tank
sludge to be disposed as well as reduce volatile constituents such as benzene. As discussed. .
above, recovery methods include distillate washing, nonpetroleum solvent washing, water

" wash with surfactant, and steam stripping. These operations allow entrapped oil to float to
‘the top of the sediment layer and be recovered prior to removal from the tank. Separated oil
is recycled back to the process Or sent to the slop oil tanks, and the water phase is sent to the

Qily sludges are emulsions formed due to-a surface attraction among oily droplets,
‘water droplets, and solid particles. - If the solids afe large and dense, the resultant material
will settle and become a sludge. The surface charge interactions between the solid particles

Co _and oil droplets cause the sludge to become stable and difficult to separate. However, the

sludge can be separated into its individual components by mechanicaily removmg the sohds ’
or by neutralizing the surface charge on the solids and oil droplets

The predominant method of minimizing the formation of tank sludge is the use of
‘ mlxers to keep 'the sludges continuously in suspension. A common mixer configuration is a
sweeping mixer that automatically oscillates to produce a sweeping motion over.the floor of
the tank keeping the heavy oil and particles suspended

, . Of the twenty facilities that EPA v1s1ted eight listed methods . in recovenng 011 from
- tank sludges Several facilities wash ‘the tanks with light oils and water, whereas another
fac1l1ty washes wrth a surfactant followed by pressure. filtration.

. Reference : .| Waste Minimization/Management
o , Methods -
"Re-refiner Fluidizes Tank Residue Using Portable’; A portable mixer was used to cut lighter 011
Mixer." Oil & Gas Journal. September 5, 1994, into the partially gelled residue.

, Ku_riakose, 'A.P., Manjooran, S. ‘Jochu Baby. . Cos Utilizing waste sludge.
"Utilization of Refinery Sludge for Lighter Oils and : i ,
Industrial Bitumen." Energy & Fuels. vol.8, no.3. May-

June, 1994..

"Envrronmental Processes ’93: Challenge in the ’905 " A variety of technologies‘descr‘ibed, such as

Hydrocarbon Processing. August, 1993. . | bioslurry treatment of oily wastes, oily-waste
' . oo : recovery, and evaporatlon/solvent extraction. ‘

"Waste Minimization in the Petrolenm Industry: A Sludge formation can be rmmrmzed by mixmg

Compendium of Practices." API. November, 1991. contents of tank.
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n-Butylbenzene
Ethylbenzene
p-Isopropyltoluene
n-Propylbenzene
Toluene
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
o-Xylene

m,p-Xylenes
Naphthalene

Benzene

Ethylbenzene

Toluene
1,2,4-Trimethylbenzene
Methylene chloride
o-Xylene

m,p-Xylene
Naphthalene

Acenaphthene
Anthracene
Benz(a)anthracene
Benzofluoranthene (total)
Benzo(g,h,i)perylene
Benzo(a)pyrene
Bis(2-ethylhexyl)phthalate
Carbazole

Chrysene

Dibenzofuran
Dibenz(a,h)anthracene
3,3'-Dichlorobenzidine
Fluoranthene

Fluorene
Indeno(1,2,3-cd)pyrene
Phenanthrene

Pyrene
1-Methylnaphthalene
2-Methyinaphthalene
2-Methylchrysene
Naphthalene

.

Di-n-butylphthalate
1-Methylnaphthalene
2-Methylnaphthalene
Naphthalene

Table 3.12.4. Residual Oil Tank Sludge Chaljacterization

Volatile Organics - Method 8260A ug/ky

CAS No. R8B-RS-01
104518 < © 6,250 3,600
100414 13,000| J . 1,600
90876 | < 6,250 J 470
103651 J 6,850 J 1,600
108883 26,000 < 1,250
95636 43,000 18,000
108678 J 11,000 | 4,200
; 95476 19,000 J 1,800.
108383 / 106423 51,000 |- 7,400
T 91203 64,000 19,000
TCLP Volatile Organics - Methods 1311 and 8260A pg/L
CAS No. R8B-RS-01 R22-RS8-01
71432 110| < 50
100414} J 55| < .50
108883 690| < 50
e5636] J 791 < 50
© 75002] B 1,200] < 50
. 854761 J o6| < 50
108383 / 106423 220|JB 28
91203| J 91| J 46
Semivolatile Organics - Method 8270B pg/kg
CAS No R8B-RS-01 R22-RS-01
83329 60,000 " 27,000
120127 " 150,000{ < 4,125
56553 - 480,000 v 9,200
NA 130,000 ~ 34,000
191242 450,000 36,000
50328 250,000 87,000
117817 | < 10,313 , 10,000
86748 < 20625 J ° 16,000
218019 ' 800;000 170,000
132649 25,000 8,700
53703 65.000| J 8,000 |
91941 | < 10,313 ‘
206440 120,000| < 4,125
86737 160,000 38,000
193395 58,000 < 4,125
85018 1,000,000 " 220,000
129000 3,500,000 146,000
90120 500,000| 250,000 |
_ 91576 650,000 | 410,000
3351324 380,000 < 8,250
91203 230,000 110,000
TCLP Semivolatile Organics - Methods 1311 and 8270B
CASNo. R8B-RS-01  R22-RS-01
84742| < 50| JB ‘o4
90120 J ‘28| J 54
91576 | J 37 J 74
912031 J 37| J

R22-RS-01  Average Conc Maximum Conc: Comments

87,000| "

73

152

3,600
7,300

470 |

4,225
13,625
30,500

7,600
10,400
29,200
41,500

3,600
13,000

476 |

. 6,850
26,000
43,000
11,000

19,000

51,000
64,000

1

B P

Average Conc . Maximum Conc  Comments

80
53
370

73
- 124
69

Average Conc
43,500
77,063

244,600
82,000
243,000

" 168,500
10,000 |

' 16,000

" 485,000
16,850
36,500
48,656
62,063
99,000
31,083
610,000
1,773,000
375,000
530,000
194,125
170,000

Hg/L
Average Conc
24
41
. 56
. 65

85|
625

110
55
€90
79
1,200
. 96
220
91

Maximum Conc
" 60,000
150,000
480,000

130,000 |

. 450,000

© 250,000
10,000

- 16,000
800,000°

- 25,000
-’ 65,000

87,000

120,000
* 160,000
58,000
1,000,000
3,500,000
500,000
650,000

380,000 |

*, 230,000

Maximum Conc

241

54
74
73

' Comments

Comments
1




" Notes:

- B~ Analyte also detected in the associated method blank
" J° Compound's concentrat:on is estimated. Mass spectral data lndlcate the presence of a compound that meets

¢

1 Detection fimits. greater than the hlghest detected concenh’atton are excluded from’the calculaﬁons

Total Metals - Methods 6010 7060 7421 7470, 7471, and 7841 ma/kg .
CAS No. R8B- RS-01 ' R22-R8-01 Average Conc Maximum Conc Comments
Aluminum . 7429905 © 9,100 :38,000 . 23,550 | 38,000 .
Arsenic 7440382| . 300] < 1.00 2,00 7 300
Barium 7440393 | < 200] 230 125 230"
Beryllium 7440417 | 1.80| < 050, 115 1.80°
Caleium . 7440702| < 500 1,400} 950 1,400
Chromium 7440473 -  11.0 31.0] 21.0} - 31.0
Cobalt -~ 7440484 | . 130] < 5.00 - 87.5 130
Copper 7440508 7.40 110 . 587 110
Iron 7439896 1,600 - 11,000 6,300 11,000
Lead 7438921 | 6.50 84.0 - 453 84.0 |
Magnesium | 7439954 | < 500 4,300 2,400 . 4,300!
Manganese 7439965 12.0 67.01 = 385 67.0
Mercury 7439976, 1.80| < , 0.05 ' 0.78 1.50| -
Molybdenum 7438087 | . 330 . 18.0. 174 330/,
Nickel ‘ 7440020 410 ' 83.0 247y 410
Sodium -. 7440235 < 500 3,200 1,850 3,200
Vanadium 7440622 1,400 1480 940} 1,400
Zinc 7440886 | 750] 200 138 200
TCLP Metals - Methods 1311 6010, 7060, 7421, 7470 7471 and 7841 mgIL
- . ‘CAS No. 'R8B-RS-01 R22-RS-01 Average Conc Maximum Conc Comménts
Aluminum 7429905 | < . 1.00 370 235 3.70 |
Iron 7438886 < 7050 10.0 5.25 .10.0}
Manganese 7439865 < ~ 0.08 1.10 0.59 1.10
Zinc © 7440666 B 0.26 1.20 - 073 ;o 120
o Commenis

the identification criteria for which the result is less than the Iaboratory detectlon limit, but greater than zero.
ND Not Detected. : ‘
NA  Not Apphcable.
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